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The  great  principle  of  inheritance  to  be  discussed  in  this 
chapter  has  been  recognised  by  agriculturists  and  authors  of 
various  nations,  as  shown  by  the  scientific  term  Atavism,  de- 
rived from  atavus,  an  ancestor;  by  the  English  terms  of 
Reversion,  or  Thraujing-back ;  by  the  French  Pas  en-Arriere ; 
and  by  the  German  Riickscklag,  or  Biicksehrttt.  When  the 
child  resembles  either  grandparent  more  closely  than  its 
immediate  parents,  our  attention  is  not  much  arrested,  though 
in  truth  the  fact  is  highly  remarkable ;  but  when  the  child 
resembles  some  remote  ancestor  or  some  distant  member  in  a 
collateral  line, — and  in  the  last  case  we  must  attribute  this  to 
the  descent  of  all  the  members  from  a  common  progenitor, — 
we  feel  a  just  degree  of  astonishment.  When  one  parent 
alone  displays  some  newly-acquired  and  generally  inheritable 
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character,  and  tho  oTspring  do  not  inherit  it,  the  cause  may 
lie  in  the  other  parent  having  the  power  of  prepotent  trans- 
mission. But  when  both  parents  are  similarly  characterised, 
and  the  child  does  not,  whatever  the  cause  may  be,  inherit 
the  character  in  question,  but  resembles  its  grandparents,  we 
have  one  of  the  simplest  cases  of  reversion.  We  continually 
see  another  and  even  more  simple  case  of  atavism,  though 
not  generally  included  under  this  head,  namely,  when  the  son 
more  closely  resembles  his  maternal  than  his  paternal  grand- 
sire  in  some  male  attribute,  as  in  any  peculiarity  in  the  beard 
of  man,  the  horns  of  the  bull,  the  hackles  or  comb  of  the  cock, 
or,  as  in  certain  diseases  necessarily  confined  to  the  male  sex ; 
for  as  the  mother  cannot  possess  or  exhibit  such  male  attri- 
butes, the  child  must  inherit  them,  through  her  blood,  from 
his  matei  nal  grandsire. 

The  cases  of  reversion  ma}'  be  divided  into  two  main  classes 
which,  however,  in  some  instances,  blend  into  one  another; 
namely,  first,  those  occurring  in  a  variety  or  race  which  has 
not  been  crossed,  but  has  lost  by  variation  some  character 
that  it  formerly  possessed,  and  which  afterwards  reappears. 
The  second  class  includes  all  cases  in  which  an  individual 
with  some  distinguishable  character,  a  race,  or  species,  has  at 
some  former  period  been  crossed,  and  a  character  derived  from 
this  cross,  after  having  disappeared  during  one  or  several 
generations,  suddenly  reappears.  A  third  class,  differing  only 
in  the  manner  of  reproduction,  might  bo  formed  to  include 
all  cases  of  reversion  efl'ected  by  means  of  buds,  and  therefore 
independent  of  true  or  seminal  generation.  Perhaps  even  a 
fourth  class  might  be  instituted,  to  include  reversions  by  seg- 
ments in  the  same  individual  flower  or  fruit,  and  in  difl'erent 
parts  of  the  body  in  the  same  individual  animal  as  it  grows 
old.  But  the  two  first  main  classes  will  be  sufficient  for  our 
purpose. 

Bevcraion  to  lost  Characters  btf  },ure  or  uncrotfsed  forms, — 
Striking  instances  of  this  first  class  of  cases  were  given  in 
the  sixth  chapter,  namely,  of  the  occasional  reappearance,  in 
variously-coloured  breeds  of  the  pigeon,  of  blue  birds  with  all 
the  marks  characteristic  of  the  wild  Columha  livla.     Similar 
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cases  were  given  in  the  case  of  the  fowl.  With  the  common 
am,  as  the  legs  of  the  wild  progenitor  are  almost  always 
striped,  we  may  feel  assured  that  the  occasional  appearance 
of  such  stripes  in  the  domestic  animal  is  a  case  of  simple 
reversion.  But  I  sliall  be  compelled  to  njfer  again  to  these 
cases,  and  therefore  here  pass  them  over. 

The  aboriginal  species  from  which  our  domesticated  cattle 
and  sheep  are  descended,  no  doubt  possessed  horns;  but 
several  hornless  breeds  are  now  well  established.  Yet  in 
these — for  instance,  in  Southdown  sheep — "  it  is  not  unusual 
to  find  among  the  male  lambs  some  with  small  horns."  The 
horns,  which  thus  occasionally  reappear  in  other  polled  breeds, 
cither  "  grow  to  the  full  size,"  or  are  curiously  attached  to  the 
skin  alone  and  hang  "loosely  down,  or  drop  off."^  The 
Galloways  and  Suffolk  cattle  have  been  hornless  for  the  last 
100  or  160  years,  but  a  horned  calf,  with  the  horn  often 
loosely  attached,  is  occasionally  produced.^ 

There  is  reason  to  believe  that  sheep  in  their  early  domesti- 
cated condition  were  "brown  or  dingy  black;"  but  even  in 
the  time  of  David  certain  flocks  were  spoken  of  as  white  as 
snow.  During  the  classical  period  the  sheep  of  Spain  are 
described  by  several  ancient  authors  as  being  black,  red,  or 
tawny .^  At  the  present  day,  notwithstanding  the  great  care 
which  IS  taken  to  prevent  it,  particoloured  lambs  and  some 
entirely  black  are  occasionally,  or  even  frequently,  dropped 
by  our  most  highly  improved  and  valued  breeds,  such  as  the 
Southdowns.  Since  the  time  of  the  famous  Bakowell,  during 
the  last  century,  the  Leicester  sheep  have  been  bred  with  the 
most  scrupulous  care  ;  yet  occasionally  grey-faced,  or  black- 
spotted,  or  wholly  black  lambs  appear.^  lliis  occurs  still 
more  frequently  with  the  less  improved  breeds,  such  as  the 
Norfolks.*  As  bearing  on  this  tendency  in  sheep  to  revert 
to  dark  colours,  I  may  state  (though  in  doing  so  I  trench  on 

"  Youatt  on  Sheep,  pp.  20,  234.  14.'). 

The  same   fact  of    loose   horns    oc-  *  1  have  been  informo  1  of  thi5  fact 

casionally  appearing  in  hornless  breeds  through  the  J^ev.  W.  I).  Fox,  on  the 

has     been    observed     in     Germany;  excellent  authority  of  Mr.  Wilmot: 

Bechstein,     *  Natnrgcich.      Deuisch-  5<»e,  also,  remarks  on  this  subject  in 

lands/  b.  i.  s.  362.  an  article  in  the  'Quarterly  lioview,* 

-  Youatt  on  Cattle,  pp.  155,  174.  184*.»,  p.  395. 

»  Tonatt  on  Sheep,   1838,  pp.  17,  *  Youatt.  pp.  19,  234. 
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the  reversion  of  crossed  breeds,  and  likewise  on  the  subject  of 
prepotency)  that  the  Rev.  W.  D.  Fox  was  informed  that  seven 
white  Southdown  ewes  were  put  to  a  so-called  Spanish  ram, 
which  had  two  small  black  spots  on  his  sides,  and  they  pro- 
duced thirteen  lambs,  all  perfectly  black.  Mr.  Fox  believes 
that  this  ram  belonged  to  a  breed  which  he  has  himself  kept, 
and  which  is  always  spotted  with  black  and  white ;  and  ho 
finds  that  Leicester  sheep  crossed  by  rams  of  this  breed  always 
produce  black  lambs :  he  has  gone  on  recrossing  these  crossed 
sheep  with  pure  white  Lcicesters  during  three  successive 
generations,  but  always  with  the  same  result.  Mr.  Fox  was 
also  told  by  the  friend  from  whom  the  spotted  breed  was 
procured,  that  ho  likewise  had  gone  on  for  six  or  seven  gene- 
rations crossing  w^ith  white  sheep,  but  still  black  lambs  were 
invariably  produced. 

Similar  facts  could  be  given  with  respect  to  tailless  brcceds 
of  various  animals.  For  instance,  Mr.  Hewitt  *  states  that 
chickens  bred  from  some  rumpless  fowls,  which  were  reckoned 
so  good  that  they  won  a  prize  at  an  exhibition,  "  in  a  consider- 
able number  of  instances  were  furnished  with  fully  developed 
tail-feathers."  On  inquiry,  the  original  breeder  of  these  fowls 
stated  that,  from  the  time  when  he  had  first  kept  them,  they 
had  often  produced  fowls  furnished  with  tails  ;  but  that  these 
latter  would  again  reproduce  rumpless  chickens. 

Analogous  cases  of  reversion  occur  in  the  vegetable  king- 
dom ;  thus  *'  from  seeds  gathered  from  the  finest  cultivated 
varieties  of  Heartsease  (Fiofot  tricolor),  plants  perfectly  wild 
both  in  their  foliage  and  their  flowers  are  frequently  pro- 
duced ;"  ^  but  the  reversion  in  this  instance  is  not  to  a  very 
ancient  period,  for  the  best  existing  varieties  of  the  heartsease 
are  of  comparatively  modem  origin.  With  most  of  our  cul- 
tivated vegetables  there  is  some  tendency  to  reversion  to 
what  is  known  to  be,  or  may  bo  presumed  to  be,  their  abori- 
ginal state ;  and  this  w^ould  be  more  evident  if  gardeners  did 
not  generally  look  over  their  beds  of  seedlings,  and  pull  up 

•  *  The    Poultry     B4N)k/    by    Mr.  much  ci|Hjricnce  on  this  subject,  has 

Tegetmeier,  18GG,  p.  231.  likewise  assure!  me  th.it  this  some- 

'  LoudoD*K  *  Gani.    Mag.,*  vul.    x.,  times  occurs. 
ISU,  p.  39G:    A  nurwryman,   with 
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the  false  plants  or  "  rogues "  as  they  are  called.  It  has 
already  been  remarked,  that  some  few  seedling  apples  and 
pears  generally  resemble,  but  apparently  are  not  identical 
with,  the  wild  trees  from  which  they  are  descended.  In  our 
turnip  ®  and  carrot-beds  a  few  plants  often  "  break  " — that  is, 
flower  too  soon  ;  and  their  roots  are  generally  hard  and 
stringy,  as  in  the  parent-species.  By  the  aid  of  a  little 
selection,  carried  on  during  a  few  generations,  most  of  our 
cultivated  plants  could  probably  be  brought  back,  without 
any  great  change  in  their  conditions  of  life,  to  a  wild  or 
nearly  wild  condition  :  Mr.  Buckman  has  effected  this  with 
the  parsnip  ; '  and  Mr.  Hewett  C.  Watson,  as  he  informs  me, 
selected,  during  three  generations,  **the  most  diverging 
plants  of  Scotch  kail,  perhaps  one  of  the  leafet  modified 
varieties  of  the  cabbage ;  and  in  the  third  generation  eome 
of  the  plants  came  very  close  to  the  forms  now  established  in 
England  about  old  castle-walls,  and  called  indigenous." 

Reversion  in  Animals  and  Plants  which  have  run  iciliL—h\ 
the  cases  hitherto  considered,  the  reverting  animals  and 
plants  have  not  been  exposed  to  any  great  or  abrupt  change 
in  their  conditions  of  life  which  could  have  induced  this 
tendency ;  but  it  is  veiy  different  with  animals  and  plants 
which  have  become  feral  or  run  wild.  It  has  been  repeatedly 
assert^  in  the  most  positive  manner  by  various  authors,  that 
feral  animals  and  plants  invariably  return  to  their  primitive 
specific  type.  It  is  curious  on  what  little  evidence  this  belief 
rests.  Many  of  our  domesticated  animals  could  not  subsist 
in  a  wild  state ;  thus,  the  more  highly  improved  breeds  of 
the  pigeon  will  not  "field"  or  search  for  their  own  food. 
Sheep  have  never  become  feral,  and  would  be  destroyed  by 
almost  every  beast  of  prey.*®  In  several  cases  we  do  not 
know  the  aboriginal  parent-species,  and  cannot  possibly  toll 

'  *  Gardener*:!    Chron.,'    1855,    p.  found  that  they  are  not   able  to  cs- 

777.  tablish    themselves;    they    generally 

•  Ibid.,  1862,  p.  721.  perish  from  the  frozen  snow  clinging 

*•  Mr.    Boner    speaks    ('Chamois-  to  their  wool,  and  they  have  lost  the 

hnnling/  2nd  edit.,  1860,  p.  92)  of  skill  necessary  to  pass  over  steep  icy 

Kheep    often    running    wild    in    the  slopes.      On   one  occasion  two   ewes 

bavarian    Alps ;     but,     on     making  survived  the  winter,  but  th?ir  lambs 

further  inqniriex  at  my  request,  ho  ))eriKhcd. 
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whether  or  not  there  has  been  any  close  degree  of  reversion. 
It  is  not  known  in  any  instance  what  variety  was  first  turned 
out ;  several  varieties  have  probably  in  some  cases  run  wild, 
and  their  crossing  alone  would  tend  to  obliterate  their  proper 
character.  Our  domesticated  animals  and  plants,  when  they 
run  wild,  must  always  be  exposed  to  new  conditions  of  life, 
for,  as  Mr.  Wallace  **  has  well  remarketl,  they  have  to  obtain 
their  own  food,  and  are  exposed  to  competition  with  the  native 
productions.  Under  these  circumstances,  if  our  domesticated 
animals  did  not  undergo  change  of  some  kind,  the  result 
would  bo  quite  opposed  to  the  conclusions  arrived  at  in  this 
work.  Nevertheless,  I  do  not  doubt  that  the  simple  fact 
of  animals  and  plants  becoming  feral,  does  cause  some 
tendency  to  reversion  to  the  primitive  state;  though  this 
tendency  has  been  much  exaggerated  by  some  authors. 

I  will  briefly  run  through  the  recorded  cases.  With  neither 
horses  nor  cattle  is  the  primitive  stock  kno\vn ;  and  it  has  been 
shown  iu  former  chapters  that  they  have  assumed  dififerent  colours 
in  dififerent  countries.  Thus  the  horses  which  have  run  wild  in 
South  America  are  generally  browuish-liay,  and  in  the  East  dun- 
coloured;  their  heads  have  become  larger  and  coarser,  and  this 
may  bo  due  to  reversion.  No  careful  description  has  been  given  of 
the  feral  goat.  Dogs  which  have  run  wild  in  various  countries 
have  hardly  anywhere  assumed  a  uniform  character ;  but  they  are 
prolmbly  descended  from  several  domestic  races,  and  aboriginally 
from  several  distinct  species.  Feral  cats,  both  in  Europe  and 
La  Plata,  are  regularly  striped ;  in  some  cases  they  have  grown  to 
an  unusually  large  size,  but  do  not  dififer  from  the  domestic  animal 
in  any  other  character.  When  variously-coloured  tame  rabbits 
are  turned  out  in  Europe,  they  generally  reacquire  the  colouring  of 
the  wild  animal ;  there  can  be  no  doubt  that  tnis  does  really  occur, 
but  we  should  remember  that  oddly-colonred  and  conspicuous 
animals  would  sufifer  much  from  beasts  of  prey  and  from  being 
easily  shot ;  this  at  least  was  the  opinion  of  a  gentleman  who  tried 
to  stock  his  woods  with  a  nearly  white  variety ;  if  thus  destroyed, 
they  would  1)6  supplanted  by,  instead  of  being  transformed  into, 
the  common  rabbit.  We  have  seen  that  the  feral  rabbits  of  Jamaica, 
and  especially  of  Porto  Santo,  have  assumed  new  colours  and  other 
new  characters.  The  best  known  case  of  reversion,  and  that  on 
which  the  widely  spread  belief  in  its  universality  apparently  rests, 
is  that  of  pigs.  These  animals  have  run  wild  in  the  West  Indies, 
South  America,  and  the  Falkland  Islands,  and  have  everywhere 


**  Sfe  some   exccll«>nt  remarks  on       Proc.  I.inn.  Soc.,'  1858,  v<»l.  iii.  p.  60. 
this  subject  by  Mr.  Wallace,  *  Journal 
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acquired  the  dark  colour,  the  thick  bristles,  and  great  tusks  of  the 
wild  boar;  and  the  young  have  reacquired  longitudinal  stripes. 
But  even  in  the  case  of  the  pig,  Roulin  describes  the  half-wild 
animals  in  different  parts  of  South  America  as  differing  in  several 
respects.  In  Louisiana  the  pig^'  has  run  wild,  and  is  said  to  differ 
a  little  in  form,  and  much  in  colour,  from  the  domestic  animal,  yet 
does  not  closely  resemble  the  wild  boar  of  Europe.  With  pigeons 
and  fowls,"  it  is  not  known  what  variety  was  first  turned  out,  nor 
what  character  the  feral  birds  have  assumed.  The  guinea-fowl  in 
the  West  Indies,  when  feral,  seems  to  vary  more  than  in  the 
domesticated  state. 

\yith  respect  to  plants  run  wild,  Dr.  Hooker"  has  strongly 
insisted  on  what  slight  evidence  the  common  belief  in  their 
reversion  to  a  primitive  state  rests.  Grodron^*  describes  wild 
turnips,  carrots,  and  celery;  but  these  plants  in  their  cultivated 
state  hardly  differ  from  their  wild  prototypes,  except  in  the  succu- 
lency  and  enlargement  of  certain  parts, — characters  which  would 
certainly  be  lost  by  plants  growing  in  poor  soil  and  struggling  with 
other  plants.  No  cultivated  plant  has  run  wild  on  so  enormous 
a  scale  as  the  cardoon  (Cynara  cardunculus)  in  La  Plata.  Every 
botanist  who  has  seen  it  growing  there,  in  vast  beds,  as  high  as 
a  horse's  back,  has  been  struck  with  its  peculiar  appearance ;  but 
whether  it  differs  in  any  important  point  from  the  cultivated 
Spanish  form,  which  is  said  not  to  be  prickly  like  its  American 
descendant,  or  whether  it  differs  from  the  wild  MediteiTanean 
species,  which  is  said  not  to  ho  social  (though  this  may  bo  due 
merely  to  the  nature  of  the  conditions),  I  do  not  know. 

Reversion  to  Characters  derived  from  a  Cross y  in  (he  case  of 
Sub -varieties.  Races,  and  Species, — When  an  individual  having 
some  recognisable  peculiarity  unites  with  another  of  the  same 
sub- variety,  not  having  the  peculiarity  in  question,  it  often 
reappears  in  the  descendants  after  an  interval  of  several  gene- 
rations. Every  one  must  have  noticed,  or  heard  from  old 
people  of  children  closely  resembling  in  appearance  or  mental 
dispoBition,  or  in  so  small  and  complex  a  character  as  expies- 


*'  Darean  de  U  Malle,  in  '  Comptes 
Hendiu,'  torn,  zli.,  1855,  p.  807. 
From  the  statements  above  given,  the 
author  concludes  that  the  wild  pigs 
of  Louisiana  are  not  descended  from 
the  European  Sus  scrofa. 

"  Capt.  W.  Allen,  in  his  *  Expc- 
dit'on  to  the  Nigir,*  states  that  fowls 
have  run  wild  on  the  island  of  Anno- 
bop,  and  have  become  modified  ia 
form  and  voice.  The  account  is  so 
mtagre  and  vague   that   it  did   not 


appear  to  me  worth  copying:  but  I  now 
find  that  Durcaude  la  MjiJlei^*  Comp- 
tes Rendus/  torn,  xli.,  1835,  p.  GOO) 
advances  this  as  a  good  iDst.ince  ot' 
reversion  to  the  primitive  stock,  and  as 
confirmatory  of  a  still  more  vngtic 
statement  in  classical  times  by  Varro. 

»*  *  Flora  of  Australia,'  1859,  In- 
troduct.,  p.  ix. 

>*  *Dc  TF^sji^ce,*  tom.  ii.  pp.  54, 
5S,  60. 
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sion,  one  of  their  grandparents,  or  some  more  distant  collateral 
relation.  Yery  many  anomalies  of  structure  and  diseases,^® 
of  which  instances  have  been  given  in  the  last  chapter,  have 
come  into  a  family  from  one  parent,  and  have  reappeared 
in  the  progeny  after  passing  over  two  or  three  generations. 
The  following  case  has  been  communicated  to  me  on  good 
authority,  and  may,  I  believe,  be  fully  trusted :  a  pointer-bitch 
produced  seven  puppies;  four  were  marked  with  blue  and 
white,  which  is  so  unusual  a  colour  with  pointers  that  she  was 
thought  to  have  played  false  with  one  of  the  greyhounds,  and 
the  whole  litter  was  condemned  ;  but  the  gamekeeper  was  per- 
mitted to  save  one  as  a  curiosity.  Two  years  afterwards  a 
friend  of  the  owner  saw  the  young  dog,  and  declared  that  he 
was  the  image  of  his  old  pointer-bitch  Sappho,  the  only  blue 
and  white  pointer  of  pure  descent  which  he  had  ever  seen. 
This  led  to  close  inquiry,  and  it  was  proved  that  he  was  the 
great-great-grandson  of  Sappho;  so  that,  according  to  the 
common  expression,  he  had  only  1-1 6th  of  her  blood  in  his 
veins.  I  may  give  one  other  instance,  on  the  authority  of 
Mr.  R.  Walker,  a  large  cattle-breeder  in  Kincardineshire. 
lie  bought  a  black  bull,  the  son  of  a  black  cow  with  white 
legs,  white  belly  and  part  of  the  tail  white;  and  in  1870 
a  calf  the  gr.-gr.-gr.-gr.-grandchild  of  this  cow  was  born 
coloured  in  the  same  very  peculiar  manner ;  all  the  inter- 
mediate offspring  liaving  been  black.  In  these  cases  there 
can  hardly  be  a  doubt  that  a  character  derived  from  a  cross 
with  an  individual  of  the  same  variety  reappeared  after 
imssing  over  three  generations  in  tlie  one  case,  and  Cwq  in  the 
other. 

Wlien  two  distinct  races  are  crossed,  it  is  notorious  that  the 
tendency  in  the  offspring  to  revert  to  one  or  both  parent- 
forms  is  strong,  and  endures  fur  many  generations.  I  have 
myself  seen  the  clearest  evidence  of  this  in  crossed  pigeons 
and  with  various  plants.  Mr.  Sidney  "  states  that,  in  a  litter 
of  Essex  i^igs,  two  young  ones  appeared  which  were  the  image 
of  the  Berkshire  boar  that  had  been  used  twenty-eight  years 

"  Mr.  S<Mlg\vi<k   gives   many   in-       July,  1863,  pp.  448,  188. 
ftani^s  in  the  *  Uritish  and  Foreign  "  In  hi^i  edit,  of  *  Vouatt  on  the 

Mcl.-Chirurg.    Ilcvicw,*    April    an!       Pig,*  IS'SO,  p.  27. 
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before  in  giving  size  and  constitution  to  the  breed.  I  ob- 
served in  the  famiyar^  at  Betley  Hall  some  fowls  showing  a 
strong  likeness  to  the  Malay  breed,  and  was  told  by  Mr. 
Toilet  that  ho  had  forty  years  before  crossed  his  birds  with 
Malays ;  and  that,  though  he  had  at  first  attempted  to  get 
rid  of  this  strain,  he  had  subsequently  given  up  the  attempt 
in  despair,  as  the  Malay  character  would  reappear. 

This  strong  tendency  in  crossed  breeds  to  revert  has  given 
rise  to  endless  discussions  in  how  many  generations  after  a 
single  cross,  either  with  a  distinct  breed  or  merely  with  an 
inferior  animal,  the  breed  may  bo  considered  as  pure,  and  free 
from  all  danger  of  reversion.  No  one  supposes  that  less  than 
three  generations  suffices,  and  most  breeders  think  that  six, 
seven,  or  eight  are  necessar}%  and  some  go  to  still  greater 
lengths.^®  But  neither  in  the  case  of  a  breed  which  has  been 
contaminated  by  a  single  cross,  nor  when,  in  the  attempt  to 
form  an  intermediate  breed,  half-bred  animals  have  been 
matched  together  during  many  generations,  can  any  rule  be 
laid  down  how  soon  the  tendency  to  reversion  will  be  oblitera- 
ted. It  depends  on  the  diflferenco  in  the  strength  or  pre- 
potency of  transmission  in  the  two  parent-fonns,  on  their 
actual  amount  of  difference,  and  on  the  nature  of  the  con- 
ditions of  life  to  which  the  crossed  offspring  are  exposed.  But 
we  must  be  careful  not  to  confound  these  cases  of  reversion  to 
characters  which  were  gained  by  a  cross,  with  those  under  the 
first  class,  in  which  characters  originally  common  to  both 
parents,  but  lost  at  some  former  period,  reappear ;  for  such 
characters  may  recur  after  an  almost  indefinite  number  of 
generations. 

The  law  of  reversion  is  as  powerful  with  hybrids,  when 
they  are  sufficiently  fertile  to  breed  together,  or  when  they 
are  repeatedly  crossed  with  either  pure  parent-form,  as  in  the 
case  of  mongrels.  It  is  not  necessary  to  give  instances. 
With  plants  almost  every  one  who  has  worked  on  this  sub- 
ject, from  the  time  of  Kolreuter  to  the  present  day,  has 
insisted  on  this  tendency.  Gartner  has  recorded  some  good 
instances;    but  no  one  has   given  more  striking  ones  than 

"Dr.  P.  Lucas,  *  Hcred.  Nat.,'  *  Card.  Chronicle,'  1836,  p.  (520.  1 
torn.  ii.  pp.  314,  892  :  see  a  good  could  add  a  vast  number  of  reference!*, 
prnctical   article   on   the   8ubj»»ct  in       but  they  would  be  ftuporflnous*. 
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Xaudiii.^^  The  tendency  diflfers  in  degree  or  strength  in 
different  groups,  and  partly  depends,  as  wo  shall  presently 
Boe,  on  whether  the  parent-plants  have  been  long  cultivated. 
Although  the  tendency  to  reversion  is  extremely  general 
with  nearly  all  mongrels  and  hybrids,  it  cannot  be  considered 
as  invaiiably  characteristic  of  them ;  it  may  also  be  mastered 
by  long-continued  selection;  but  these  subjects  will  more 
properly  be  discussed  in  a  future  chapter  on  Crossing.  From 
what  we  see  of  the  power  and  scope  of  reversion,  both  in  pure 
races,  and  when  varieties  or  species  are  crossed,  we  may  infer 
that  characters  of  almost  every  kind  are  capable  of  reappear- 
ing after  having  been  lost  for  a  great  length  of  time.  But  it 
does  not  follow  from  this  that  in  each  particular  case  certain 
characters  will  reappear;  for  instance,  this  will  not  occur 
when  a  race  is  crossed  with  another  endowed  with  prepotency 
of  transmission.  Sometimes  the  power  of  reversion  wholly 
fails,  without  our  being  able  to  assign  any  cause  for  tho 
failure :  thus  it  has  been  stated  that  in  a  French  family  in 
which  85  out  of  above  600  members,  during  six  generations, 
had  been  subject  to  night-blindness,  "  there  has  not  been  a 
single  example  of  this  affection  in  the  children  of  parents  who 
were  themselves  free  from  it."^° 

Reversion  through  Bud-propagation — Partial  JReiersion,  hij  seg- 
ments in  the  same  flower  or  fruit,  or  in  different  parts  of  the  body 
in  the  same  individual  animal. — In  the  eleventh  chapter  many 
cases  of  reversion  by  buds,  independently  of  seminal  genera- 
tion, were  given — as  when  a  leaf-bud  on  a  variegated,  a 
curled,  or  laciuiated  variety  suddenly  reassumes  its  proper 
character ;  or  as  when  a  Provence-rose  appears  on  a  moss-rose, 
or  a  peach  on  a  nectarine-tree.  In. some  of  these  cases  only 
half  the  flower  or  fruit,  or  a  smaller  segment,  or  mere  stripes, 
reussume  their  former  character ;  and  here  we  have  reversion 


*•  Kulreutcr  gives  curious  cases  in 
his  '  Dritte  Kortsetzung,*  170G,  ss.  53, 
.M>;  anl  id  his  well-known  *  Memoirs 
on  Lavatera  ami  Jalapa.'  Gartner, 
*  Bastanlerzeugung,'  ss.  437,  441,  &c 
Naudin,  in  his  **  Rech*»rchM  gnr 
THybridite,"  *  Nouvelles  Archive*  du 
Mui^um,*  torn.  i.  p.  25. 

'•  Quote  1    by    Mr.    Seigwick    in 


*  Med.-Chirurg.  Uoview/ April,  1801, 
p.  43  >.  I>r.  H.  Dobfll,  in  •  Me.l.- 
Chirurg.  Trans;»ctions,*  vol.  xlvi., 
gives  an  analogous  ca-e,  in  which,  in 
a  large  family,  fingers  with  thiokemMi 
joints  were  transmitted  to  several 
members  during  five  generations : 
but  when  the  blcmiith  once  disnppcarerl 
it  never  reappearel. 
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by  segments.  Vilmoriii  -^  has  also  recorded  several  cases  with 
plants  derived  from  seed,  of  flowers  reverting  by  stripes  or 
blotches  to  their  primitive  colours :  he  states  that  in  all  such 
cases  a  white  or  pale-coloured  variety  must  first  be  formed, 
and,  when  this  is  propagated  for  a  length  of  time  by  seed, 
striped  seedlings  occasionally  make  their  appearance ;  and 
these  can  afterwards  by  care  be  multiplied  by  seed. 

The  stripes  and  segments  just  referred  to  are  not  due,  as  far 
as  is  known,  to  reversion  to  characters  derived  from  a  cross, 
but  to  characters  lost  by  variation.  These  cases,  however,  as 
Naudin^^  insists  in  his  discussion  on  disjunction  of  character, 
are  closely  analogous  with  those  given  in  the  eleventh  chapter, 
in  which  crossed  plants  have  been  known  to  produce  half- 
and-half  or  striped  flowers  and  fruit,  or  distinct  kinds  of 
flowers  on  the  same  root  resembling  the  two  parent-forms. 
Many  piebald  animals  probably  come  under  this  same  head. 
Such  cases,  as  we  shall  see  in  the  chapter  on  Crossing,  appa- 
rently result  from  certain  characters  not  readily  blending 
together,  and,  as  a  consequence  of  this  incapacity  for  fusion, 
the  offspring  either  perfectly  resemble  one  of  their  two 
parents,  or  resemble  one  parent  in  one  part,  and  the  other 
parent  in  another  part ;  or  Avhilst  young  are  intermediate  in 
character,  but  with  advancing  age  revert  wholly  or  by  seg- 
ments to  either  parent-form,  or  to  both.  Thus,  young  trees 
of  the  Cytisus  adami  are  intermediate  in  foliage  and  flowers 
between  the  two  parent-forms;  but  when  older  the  buds 
continually  revert  either  partially  or  Avholly  to  both  forms. 
The  cases  given  in  the  eleventh  chapter  on  the  changes  which 
occurred  during  growth  in  crossed  plants  of  Tropa?olum,  Cereus, 
Datura,  and  Lathyrus  are  all  analogous.  As,  however,  these 
plants  are  hybrids  of  the  first  generation,  and  as  their  buds 
after  a  time  come  to  resemble  their  parents  and  not. their 
grandparents,  these  cases  do  not  at  first  appear  to  come  under 
the  law  of  reversion  in  the  ordinary  sense  of  the  word ;  never- 
theless, as  the  change  is  effected  through  a  succession  of  bud- 
generations  on  the  same  plant,  they  may  be  thus  included. 

Analogous  facts  have  been  observed  in  the  animal  kingdom, 

«»  Verlot,    *  De»    Vari^te*,*    1865,       torn.  i.  p.  25.  Alex.  Braun  (in  his  *  Re- 
p.  63.  juvenescence,*  RaySoc.,  1853,  p.  31  i) 

**  'Nourelles  Archives du  Museum,*       iippnreDtly  holds  a  similar  opiuion. 


«    I 


12  INHERITANCE.  Chap.  XIH. 

and  are  more  remarkable,  as  they  occur  in  the  same  individual 
in  the  strictest  sense,  and  not  as  with  plants  through  a  suc- 
cession of  bud-generations.  With  animals  the  act  of  rever- 
sion, if  it  can  be  so  designated,  docs  not  pass  over  a  true 
generation,  but  merely  over  the  early  stages  of  growth  in  the 
same  individual.  For  instance,  I  crossed  several  white  hens 
with  a  black  cock,  and  many  of  the  chickens  were,  during  the 
first  year,  perfectly  white,  but  acquired  during  the  second  year 
black  feathers;  on  the  other  hand,  some  of  the  chickens 
wliich  were  at  first  black,  became  during  the  second  year 
piebald  with  white.  A  great  breeder  ^^  says,  that  a  Pencilled 
Brahma  hen  which  has  any  of  the  blood  of  the  Light  Brahma 
in  her,  will  "occasionally  produce  a  pullet  well  pencilled 
during  the  first  year,  but  she  will  most  likely  moult  brown  on 
the  shoulders  and  become  quite  unlike  her  original  colours  in 
the  second  year."  The  same  thing  occurs  with  light  Brahmas 
if  of  impure  blood.  I  have  observed  exactly  similar  cases 
with  the  crossed  ofifspring  from  diflferently  coloured  pigeons. 
But  here  is  a  more  remarkable  fact :  I  crossed  a  turbit,  which 
has  a  frill  formed  by  the  feathers  being  reversed  on  its  breast, 
with  a  trumpeter ;  and  one  of  the  young  pigeons  thus  raised 
at  first  showed  not  a  trace  of  the  frill,  but,  after  moulting 
thrice,  a  small  yet  unmistakably  distinct  frill  appeared  on 
its  breast.  According  to  Girou,^*  calves  produced  from  a  red 
cow  by  a  black  bull,  or  from  a  black  cow  by  a  red  bull,  are 
not  rarely  born  red,  and  subsequently  become  black.  I 
possess  a  dog,  the  daughter  of  a  white  terrier  by  a  fox- 
coloured  bulldog ;  as  a  puppy  she  was  quite  white,  but  when 
about  six  months  old  a  black  spot  appeared  on  her  nose,  and 
brown  spots  on  her  ears,  \\hen  a  little  older  she  was  badly 
wounded  on  the  back,  and  the  hair  which  grew  on  the 
cicatrix  was  of  a  brown  colour,  apparently  derived  from 
her  father.  This  is  the  more  remarkable,  as  Avith  most 
animals  having  coloured  hair,  that  which  grows  on  a  Avoundcd 
surface  is  white. 

In  the  foregoing  cases,  the  characters  which  with  advancinj; 
age  reappeared,  were  present  in  the  immediately  preceding 

'*  Mr.   Teebay,    id    *  The    Poultry  '*  Quoted  by  Hofacker,  <  Ucbcr  die 

Book,'  by  Mr.  tegctracicr,   1866,  |».       Eigcnbchaftcn,'  &c.,  s.  98. 
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generations ;  but  characters  sometimes  reappear  in  the  same 
manner  aft«r  a  much  longer  interval  of  time.  Thus  the 
calves  of  a  hornless  race  of  cattle  which  originated  in 
Corrientee,  though  at  first  quite  hornless,  as  they  become 
adult  sometimes  acquire  small,  crooked,  and  loose  horns ;  and 
these  in  succeeding  years  occasionally  become  attached  to  the 
skull.**  Whit©  and  black  Bantams,  both  of  which  generally 
breed  true,  sometimes  assume  as  they  grow  old  a  saffron  or 
red  plumage.  For  instance,  a  first-rate  black  bantam  has 
been  described,  which  during  three  seasons  was  perfectly 
black,  but  then  annually  became  more  and  more  red ;  and  it 
deserves  notice  that  this  tendency  to  change,  whenever  it 
occurs  in  a  bantam,  "  is  almost  certain  to  prove  hereditary."^^ 
The  cuckoo  or  blue-mottled  Dorking  cock,  Avhen  old,  is  liable 
to  acquire  yellow  or  orange  hackles  in  place  of  his  proper 
bluish-grey  hackles.*^  Now  as  Gallus  hanJciva  is  coloured  red 
and  orange,  and  as  Dorking  fowls  and  bantams  are  descended 
from  this  species,  we  can  hardly  doubt  that  the  change  which 
occasionally  occurs  in  the  plumage  of  these  birds  as  their  age 
advances,  results  from  a  tendency  in  the  individual  to  revert 
to  the  primitive  type. 

Crossing  as  a  direct  cause  of  Beversion, — It  has  long  been 
notorious  that  hybrids  and  mongrels  often  revert  to  both  or 
to  one  of  their  parent-forms,  after  an  interval  of  from  two  to 
seven  or  eight,  or,  according  to  some  authorities,  even  a  greater 
number  of  generations.  But  that  the  act  of  crossing  in  itself 
gives  an  impulse  towards  reversion,  as  shown  by  the  reap- 
pearance of  long-lost  characters,  has  never,  I  believe,  been 
hitherto  proved,  llie'  proof  lies  in  certain  peculiarities,  which 
do  not  characterise  the  immediate  parents,  and  therefore  can- 
not have  been  derived  from  them,  frequently  appearing  in  the 
offspring  of  two  breeds  when  crossed,  which  peculiarities 
never  appear,  or  appear  with  extreme  rarity,  in  these  same 
breeds,  as  long  as  they  arc  precluded  from  crossing.     As  this 

«»  Azara,    *  Essais    Hist.    Nat.    do  ♦  The  Poultry   Book,*  by  Mr.  Tegct- 

Paraguay,*  tom.  ii.  1801,  p.  372.  ineier,  1866,  p.  248. 

*•  These   facts  are    given   on    the  "  *The  Poultry  Book,'  by  Tegit- 

high   authority  of   Mr.    Hewitt,   in  nici<2r,  1866,  p.  97. 
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conclusion  se.^nis  to  me  liiglily  curious  and  novel,  I  will  give 
the  evidence  in  detail. 

■  My  attention  was  first  called  to  this  subject,  and  I  was  led  to 
make  numerous  experiments,  by  MM.  Boitard  and  Corbie  having 
stated  that,  when  they  crossed  certain  breeds  of  pigeons,  birds 
coloured  like  the  wild  C,  livia,  or  the  common  dovecot— namely, 
slaty-blue,  with  double  black  wiog-bars,  sometimes  chequered 
with  black,  white  loins,  the  tail  barred  with  black,  with  the  outer 
feathers  edged  with  white, — were  almost  invariably  produced.  The 
breeds  which  I  crossed,  and  the  remarkable  results  attained,  have 
been  fully  described  in  the  sixth  chapter.  I  selected  pigeons 
belonging  to  true  and  ancient  breeds,  which  had  not  a  trace  of  blue 
or  any  of  the  above  specified  marks ;  but  w^hen  crossed,  and  their 
mongrels  recroesed,  young  birds  were  often  produced,  more  or  less 
plainly  coloured  slaty-blue,  with  some  or  all  of  the  proper  charac- 
teristic marks.  I  may  recall  to  the  reader's  memory  one  case, 
namely,  that  of  a  pigeon,  hardly  distinguishable  from  the  wild 
Shetland  species,  the  grandchild  of  a  rea-spot,  white  fantail,  and 
tw^o  black  barbs,  from  any  of  which,  when  purely-bred,  the  produc- 
tion of  a  pigeon  coloured  like  the  wild  C,  liuia  would  have  been 
almost  a  prodigy. 

I  was  tnus  led  to  make  the  experiments,  recorded  in  the  seventh 
chapter,  on  fowls.  I  selected  long-established  pure  breeds,  in 
which  there  was  not  a  trace  of  red,  yet  in  several  of  the  mongrels 
feathers  of  this  colour  appeared;  and  one  magnificent  bird,  the 
offspring  of  a  black  Spanish  cock  and  white  Silk  hen,  was  coloured 
almost  exactly  like  the  wild  Gallus  hankiva.  All  who  know  any- 
thing of  the  breeding  of  poultry  will  admit  that  tens  of  thousands 
of  pure  Spanish  and  of  pure  white  Silk  fowls  might  have  been 
reared  without  the  appearance  of  a  red  feather.  The  fact,  given  on 
the  authority  of  Mr.  Tegetmeier,  of  the  frequent  appearance,  in 
mongrel  fowls,  of  pencilled  or  transversely-barred  feathers,  like 
those  common  to  many  gallinaceous  birds,  is  likewise  apparently  a 
case  of  reversion  to  a  character  formerly  possessed  by  some  ancient 
progenitor  of  the  family.  I  owe  to  the  kindness  of  this  excellent 
observer  the  opportunity  of  inspecting  some  neck-hackles  and  tail- 
feathers  from  a  hybrid  between  the  common  fowl  and  a  very  distinct 
species,  the  Galhis  varius;  and  these  feathers  are  transversely 
striped  in  a  conspicuous  manner  with  dark  metallic  blue  and  grey, 
a  character  which  could  not  have  been  derived  from  either  immediate 
parent 

I  have  been  informed  by  Mr.  B.  P.  Brent,  that  he  crossed  a  white 
Aylesbury  drake  and  a  black  so-called  Labrador  duck,  both  of 
winch  are  true  breeds,  and  he  obtained  a  young  drake  closely  like 
the  mallard  {A.  baschas).  Of  the  musk-duck  (Cairina  mo9chaia^  Linn.) 
there  are  two  sub-breeds,  namely,  white  and  Blate-coloured ;  and  these 
I  am  informed  breed  true,  or  nearly  true.  But  the  Rev.  W.  D.  Fox 
tells   mo    that,   by  putting  a  white    drake  to    a    slate-coloured   duck, 
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black  birds,  pied  with  white,  like  the  wild  musk-duck,  were  always 
produced.  I  hear  from  Mr.  BIyth  that  hybrids  from  the  canary 
and  gold-finch  abnost  always  have  streaked  feathers  on  their  backs; 
and  this  streaking  must  be  derived  from  the  original  wild  canary. 

We  have  seen  in  the  fourth  chapter,  that  the  so-called  Himalayan 
rabbit,  with  its  snow-white  body,  black  ears,  nose,  tail,  and  feet, 
breeds  perfectly  true.  This  race  is  known  to  have  been  formed  by 
the  union  of  two  varieties  of  silver-grey  rabbits.  Now,  when  a 
Himalayan  doc  was  crossed  by  a  sandy-coloured  buck,  a  silver-grey 
rabbit  was  produced ;  and  this  is  evidently  a  case  of  reversion  to 
one  of  the  imrent  varieties.  The  young  of  the  Himalayan  rabbit  are 
born  snow-white,  and  the  dark  marks  do  not  appear  until  some 
time  subsequently ;  but  occasionally  young  Himalayan  rabbits  are 
born  of  a  light  silver-grey,  which  colour  soon  disappears ;  so  that 
here  we  have  a  trace  of  reversion,  during  an  early  period  of  Life,  to 
the  parent  varieties,  independently  of  any  recent  cross. 

In  the  third  chapter  it  was  shown  that  at  an  ancient  period 
some  broDds  of  cattle  in  the  wilder  parts  of  Britain  were  white  with 
dark  ears,  and  that  the  cattle  now  kept  half  wild  in  certain  parks, 
and  those  which  have  run  quite  wild  in  two  distant  parts  of  the 
world,  are  likewise  thus  coloured.  Now,  an  experienced  breeder, 
Mr.  J.  Beasley,  of  Northamptonshire,**  crossed  some  carefully 
selected  West  Highland  cows  with  purely-bred  shorthorn  bulls. 
The  bulls  were  red,  red  and  white,  or  dark  roan ;  and  the  Highland 
cows  were  all  of  a  red  colour,  inclining  to  a  light  or  yellow  shade. 
But  a  considerable  number  of  the  ofEispring — and  Mr.  Beasley  calls 
attention  to  this  as  a  remarkable  fact — were  white,  or  white  with 
red  ears.  Bearing  in  mind  that  none  of  the  parents  were  white, 
and  that  they  were  purely-bred  animals,  it  is  highly  probable  that 
here  the  omtpring  reverted,  in  consequence  of  the  cross,  to  the 
colour  of  some  ancient  and  half-wild  parent-breed.  The  following 
case,  perhaps,  comes  under  the  same  head :  cows  in  their  natural 
state  have  their  udders  but  little  developed,  and  do  not  yield  nearly 
so  much  milk  as  our  domesticated  animals.  Now  there  is  some 
reason  to  believe  *•  that  cross-bred  animals  between  two  kinds,  both 
of  which  are  good  milkers,  such  as  Aldemeys  and  Shorthorns,  often 
turn  out  worthless  in  this  respect. 

In  the  chapter  on  the  Horse  reasons  were  assigned  for  believing 
that  the  primitive  stock  was  striped  and  dun-coloured ;  and  details 
were  given,  showing  that  in  all  parts  of  the  world  stripes  of  a  dark 
colour  frequently  appear  along  the  spine,  across  the  legs,  and  on 
the  shoulders,  where  they  are  occasionally  double  or  treble,  and 
even  sometimes  on  the  face  and  body  of  horses  of  all  breeds  and  of 
all  colours.    But  the  stripes  appear  most  frequently  on  the  various 


*•  'Gardener's    Chron.   and   Agri-  of  cattle   ns  Mr.  Willoughby  Wood 

cultural  Gazette,'  180G,  p.  528.  •  (*  Card.  Chron.'  1869,  p.  1210),  admiU 

'*  Ibid.,  1860,  p.  343.     I  am  glad  my   principle   of   a   cross   giving    a 

to  fiad  that  so  experienced  a  breeder  tendency  to  rev^pioi). 

2« 


16  INHERITANCE.  Chat.  XIIL 

kinds  of  dons.  lu  foals  they  are  sometimes  plainly  seen,  and 
subsequently  disappear.  The  dun-colour  and  the  stripes  are 
strongly  transmitted  when  a  horse  thus  characterised  is  crossed 
with  any  other ;  but  I  was  not  able  to  prove  that  striped  duns  are 
generally  produced  from  the  crossing  of  two  distinct  breeds,  neither 
of  which  are  duns,  though  this  does  sometimes  occur. 

The  legs  of  the  ass  are  often  striped,  and  this  may  considered  as 
a  reversion  to  the  wild  parent  form,  the  Eguus  txniopus  of  Abyssinia,** 
which  is  generally  thus  striped.  In  the  domestic  animal  the  stripes 
on  the  shoulder  are  occasionally  double,  or  forked  at  the  extremity, 
as  in  certain  zebrine  species.  There  is  reason  to  believe  that  the 
foal  is  more  frequently  striped  on  the  logs  than  the  adult  animal. 
As  with  the  horse,  I  have  not  acquired  any  distinct  evidence  that 
the  crossing  of  difforently-coloured  varieties  of  the  ass  brings  out 
the  stripes. 

But  now  let  us  turn  io  the  result  of  crossing  the  horse  and  ass. 
Although  mules  are  not  nearly  so  numerous  in  England  as  asses, 
I  have  seen  a  much  greater  number  with  striped  legs,  and  with 
the  stripes  far  more  conspicuous  than  in  either  parent-form.  Such 
mules  are  generally  light-coloured,  and  might  be  called  fallow- 
duns.  The  shoulder-stripe  in  one  instance  was  deeply  forked  at  the 
extremity,  and  in  another  instance  was  double,  though  united  in  the 
middle.  Mr.  Martin  gives  a  figure  of  a  Spanish  mule  with  strong 
zebra-like  marks  on  its  legs,*^  and  remarks  that  mules  are  particu- 
larly liable  to  be  thus  striped  on  their  legs.  In  South  America, 
according  to  Roulin,**  such  stripes  are  more  frequent  and  con- 
spicuous in  the  mule  than  in  the  ass.  In  the  United  States,  Mr. 
Grosse,''  speaking  of  these  animals,  says,  "  that  in  a  great  number, 
"  perhaps  in  nine  out  of  every  ten,  the  legs  are  banded  with 
"  transverse  dark  stripes." 

Many  years  ago  I  saw  in  the  Zoological  Gardens  a  curious  triple 
hybrid,  from  a  bay  mare,  by  a  hybrid  from  a  male  ass  and  female 
zebra.  This  animal  when  old  had  hardly  any  stripes ;  but  I  was 
assured  by  the  superintendent,  that  when  young  it  had  shoulder- 
stripes,  and  faint  stripes  on  its  flanks  and  legs.  I  mention  this  case 
more  especially  as  an  instance  of  the  stripes  being  much  plainer 
during  youth  than  in  old  age. 

As  the  zebra  has  such  a  conspicuously  striped  body  and  legs,  it 
might  have  been  expected  that  the  hybrids  from  this  animal  and 
the  common  ass  would  have  had  their  legs  in  some  degree  striped ; 
but  it  appears  from  the  figures  given  in  Dr.  Gray's  'Knowsley 
Gleanings,'  and  still  more  plainly  from  that  given  by  Geoffroy  and 
F.  Cuvier,**  that  the  legs  are  much  more  conspicuously  striped  than 
the  rest  of  the  body ;  and  this  fact  is  intelligible  only  on  the  belief 

*•  Sclatcr,  in  '  Proc.  Zoolog.  Soc.,'  1835,  p.  338. 

1862,  p.  1^.  »*  *  Letters  from  A  lab  ima,'  1859,  p. 

*»  *  Histol-y  of  the  Horse,*  p.  212.  280. 

"  *  M^m.     prdsenUs     par     divers  ••  *  Hist.    Nat.   des    Mainmifcrcs/ 

.S.ivan«  *a   I'Acad.    Royale,'   torn.   ri.  1820,  torn.  i. 
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that  the  ass  aids  in  giving,  through  the  power  of  reversion,  this 
character  to  its  hybrid  offspring. 

The  quagga  is  banded  over  the  whole  front  part  of  its  body  like 
a  zebra,  but  has  no  stripes  on  its  legs,  or  mere  traces  of  them.  But 
in  the  famous  hybrid  bred  by  Lord  Morton,**  from  a  chestnut, 
nearly  purely-bred,  Arabian  mare,  by  a  male  quagga,  the  stripes 
were  "  more  strongly  defined  and  darker  than  those  on  the  legs  of 
"  the  quagga."  The  mare  was  subsequently  put  to  a  black  Arabian 
horse,  and  bore  two  colts,  both  of  which,  as  formerly  stated,  were 
plainly  striped  on  the  legs,  and  one  of  them  likewise  had  stripes  on 
tho  neck  and  body. 

The  £qutis  indicus^  is  characterised  by  a  spinal  stripe,  without 
slioulder  or  leg  stripes ;  but  traces  of  these  latter  stripes  may  occa- 
sionally be  seen  even  in  the  adult ;  "^  and  Colonel  S.  Poole,  who  has 
had  ample  opportunities  for  observation,  informs  me  that  in  the 
foal,  when  first  bom,  the  head  and  legs  are  often  striped,  but  tho 
shoulder-stripe  is  not  so  distinct  as  in  the  domestic  ass ;  all  these 
stripes,  excepting  that  along  the  spine,  soon  disappear.  Now  a 
hybrid,  raised  at  Knowsley**  from  a  female  of  this  species  by  a 
male  domestic  ass,  had  all  four  legs  transversely  and  conspicuously 
striped,  had  three  short  stripes  on  each  shoulder  and  had  even  some 
zebra-like  stripes  on  its  face !  Dr.  Gray  informs  me  that  he  has 
seen  a  second  hybrid  of  the  same  parentage  similarly  striped. 

iVom  these  facts  we  see  that  the  crossing  of  the  several  equine 
species  tends  in<a  marked  manner  to  cause  stripes  to  appear  on 
various  parts  of  the  body,  especially  on  the  legs.  As  we  do  not 
know  whethef  the  parent-form  of  the  genus  was  striped,  the  appear- 
ance of  the  stripes  can  only  hypothetically  be  attributed  to  reversion. 
But  most  persons,  after  considering  the  many  undoubted  cases  of 
variously  coloured  marks  reappearing  by  reversion  in  my  experi- 
ments on  crossed  pigeons  and  fowls,  will  come  to  the  same  conclu- 
sion with  respect  to  the  horse-genus;  and  if  so,  we  must  admit 
that  the  progenitor  of  the  group  was  striped  on  the  legs,  shoulders, 
face,  and  probably  over  the  whole  body,  like  a  zebra. 

Lastly,  Professor  Jaeger  has  given  *  a  good  case  with  pigs.    Ho 


**  »Phiiosoph.  Transact.,*  1821,  p. 
20. 

*•  SolaUr,  ia  *  Proc.  Zoolog.  Soc.,* 
1862,  p.  163:  this  species  is  the 
Ghor-Khur  of  N.W.  India,  and  has 
oAea  b«en  called  the  Hetnionus  of 
Pallas.  See,  also,  Mr.  Blyth's  ex- 
cellent paper  in  *  Journal  of  Asiatic 
Soc.  of  Bengal,'  vol.  xxviii.,  1860,  p. 
229. 

"  Another  species  of  wild  ass,  the 
true  £,  hemionus  or  Kiang,  which 
ordinarily  has  no  shoulder-stripes,  is 
snid  occatiionally  to  have  them ;  and 


these,  as  with  the  horse  and  ass,  are 
sometimes  double:  see  Mr.  Blyth,  in 
the  paper  just  quoted,  and  ia  *•  Indian 
Sporting  Ko'icw,*  1856,  p.  320:  and 
Ctd.  Hamilton  Smith,  in  'Mat.  Library, 
Horses,'  p.  318;  and  *  Diet.  Class. 
d'Hist.  Nat./  torn.  iii.  p.  r>63. 

•*  Figured  in  the  *  (Jleanings  from 
the  Knowsley  Menagerie.s,*  by  Dr.  J. 
E.  (iray. 

'•  *  Darwin'sche  Theorie  und  ihre 
Stcllung  zu  Moral  und  licligton,'  i>. 
85. 
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crossed  tlio  Japanese  or  masked  breed  with  the  common  German 
breed,  and  the  oflfspring  were  intermediate  in  character.  He  then 
re -crossed  one  of  these  mongrels  with  the  pure  Japanese,  and  in 
the  litter  thus  produced  one  of  the  young  resembled  in  all  its 
characters  a  wild  pig ;  it  had  a  long  snout  and  upright  ears,  and 
was  striped  on  the  back.  It  should  be  borne  in  mind  that  the 
young  of  the  Japanese  breed  are  not  striped,  and  that  they  have 
a  short  muzzle  and  ears  remarkably  dependent. 

A  similar  tendency  to  the  recovery  of  long  lost  characters 
holds  good  even  with  the  instincts  of  crossed  animals.  There 
arc  some  breeds  of  fowls  which  are  called  "  everlasting 
layers/*  because  they  have  lost  the  instinct  of  incubation  ; 
and  so  rare  is  it  for  them  to  incubate  that  I  have  seen  notices 
published  in  works  on  poultry,  when  hens  of  such  breeds  have 
taken  to  sit.*®  Yet  the  aboriginal  species  was  of  course  a 
good  incubator ;  and  with  birds  in  a  state  of  nature  hardly 
any  instinct  is  so  strong  as  this.  Now,  so  many  cases  have 
been  recorded  of  the  crossed  offspring  from  two  races,  neither 
of  which  are  incubators,  becoming  first-rate  sitters,  that  the 
reappearance  of  this  instinct  must  be  attributed  to  reversion 
from  crossing.  One  author  goes  so  far  as  to  say, "  that  a  cross 
between  two  non-sitting  varieties  almost  invariably  produces 
a  mongrel  tliat  becomes  broody,  and  sits  with  remarkable 
steadiness."*^  Another  author,  after  giving  a  stnking  ex- 
ample, remarks  that  the  fact  can  })0  explained  only  on  the 
principle  that  "  two  negatives  make  a  positive."  It  cannot, 
however,  bo  maintained  that  hens  produced  from  a  cross 


**  Cases  of  both  Spanis^h  and  Poli.Nh 
heos  sitting  are  given  ia  the  *  Poultry 
Chronicle,*  1855,  vol.  iii.  p.  477. 

"  *The  Poultry  Book,'  by  Mr. 
Tegetmeier,  IStitJ,  pp.  119,  163.  The 
author,  who  remarks  on  the  two 
nejj.itives  ('Journ.  of  Hort.,*  18*»J, 
]».  .*■{-'»),  stiites  that  two  broods  wore 
rai^ol  from  a  Spanish  cock  and  Silver- 
)>encilled  liamlfurg  hen,  neither  of 
which  arc  incubators,  and  no  less 
than  seven  out  of  eight  hens  in  these 
two  broods  "  showed  a  perfect  ob- 
fttinac)  in  sitting."  The  Rev.  ¥s.  S. 
Dixon  C  Ornamental  Poultry,*  1848, 
p.    200)  says   that  chickens    reared 


frum  a  cross  between  Golden  and 
Black  Polish  fowls,  are  **  good  and 
stead v  birds  to  sit.'*  Mr.  B.  P.  Brent 
informs  me  that  he  raised  some  good 
sitting  hens  by  crossing  Pencilled 
Hamburg  and  Polish  breeds.  A 
cross-bred  bird  from  a  Spanish  non* 
incubating  cock  and  Cochin  incu- 
bating hen  is  ment  ioncd  in  the  *  Poultry 
Chronicle,*  vol.  iii.  p.  1.3,  as  an  "ex- 
emplary mother.**  On  the  other 
hand,  an  exceptional  case  is  given  in 
the  *  Cottage  Gardener,*  18(30,  p.  388, 
of  a  hen  raised  from  a  Spanish  cock 
and  black  Polish  hen  which  did  not 
incubate. 
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between  two  non-sitting  breeds  invariably  recover  their  lost 
instinct,  any  more  than  that  crossed  fowls  or  pigeons  invari- 
ably recover  the  red  or  blue  plumage  of  their  prototyi>es.  1'hus 
I  raised  several  chickens  from  a  Polish  hen  by  a  Spanish 
cock, — breeds  which  do  not  incubate, — and  none  of  the  young 
hens  at  first  showed  any  tendency  to  sit ;  but  one  of  them — 
the  only  one  which  was  preserved — in  the  third  year  sat  well 
on  her  eggs  and  reared  a  brood  of  chickens.  So  that  here  we 
have  the  reappearance  with  advancing  age  of  a  primitive 
instinct,  in  the  same  manner  as  we  have  seen  that  the  red 
plumage  of  the  Gallus  hankiva  is  sometimes  reacquired  both 
by  crossed  and  purely-bred  fowls  of  various  kinds  as  they 
grow  old. 

The  parents  of  all  our  domesticated  animals  were  of  course 
aboriginally  wild  in  disposition ;  and  when  a  domesticated 
species  is  crossed  with  a  distinct  species,  whether  this  is  a 
domesticated  or  only  a  tamed  animal,  the  hybrids  are  often 
wild  to  such  a  degree,  that  the  fact  is  intelligible  only  on  the 
principle  that  the  cross  has  caused  a  partial  return  to  a 
primitive  disposition.  Thus,  the  Earl  of  Powis  formerly  im- 
ported some  thoroughly  domesticated  humped  cattle  from 
India,  and  crossed  them  with  English  breeds,  which  belong  to 
a  distinct  species ;  and  his  agent  remarked  to  me,  without 
any  question  having  been  asked,  how  oddly  wild  the  cross- 
bred animals  were.  The  European  wild  boar  and  the  Chinese 
domesticated  pig  are  almost  certainly  specifically  diatinct: 
Sir  F.  Darwin  crossed  a  sow  of  the  latter  breed  with  a  w^ild 
Alpine  boar  which  had  become  extremely  tame,  but  the  young, 
though  having  half-domesticated  blood  in  their  veins,  were 
"  extremely  wild  in  confinement,  and  would  not  eat  swill  like 
common  English  pigs."  Captain  Hut  ton,  in  India,  crossed  a 
tame  goat  with  a  wild  one  from  the  Himalaya,  and  he  re- 
marked to  me  how  surprisingly  wild  the  offspring  were. 
Mr.  Hewitt,  who  has  had  great  exiKiricnce  in  croKsing  tame 
oock-phcasants  with  fowls  belonging  to  five  breeds,  gives  as 
the  character  of  all  "  extraordinary  wildncss  ;'**^  but  I  have 
myself  seen  one  exception  to  this  rule.     Mr.  S.  J.  Salter,*^ 

**  'The  Poultry  Book,' by  Tegel-  "  *  Natural  History  Review,'  18G3, 

meier,  IStfd,  pp.  IG"),  167.  April,  p.  277. 
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who  raised  a  large  numljer  of  hybiids  from  a  bautam-hcn  by 
Gallus  soniieraiii,  states  that  "all  were  exceedingly  wild." 
Mr.  '\Vatei:ton  **  bred  some  wild  ducks  from  eggs  hatched 
under  a  ecmimon  duck,  and  the  young  were  allowed  to  cross 
freely  both  amongst  themselves  and  with  the  tame  ducks  ; 
they  were  "  half  wild  and  half  tame ;  they  came  to  the 
windows  to  be  fed,  but  still  they  had  a  wariness  about  them 
quite  remarkable." 

On  the  other  hand,  mules  from  the  horse  and  ass  aro 
certainly  not  in  the  least  wild,  though  notorious  for  obetinac}' 
and  vice.  Mr.  Brent,  who  has  crossed  canary-birds  with 
many  kinds  of  finches,  has  not  observed,  as  he  informs  me, 
that  the  hybrids  were  in  any  way  remarkably  wild :  but 
Mr.  Jenner  Weir  who  has  had  still  greater  experience,  is  of  a 
directly  opponite  opinion.  He  remarks  that  the  siskin  is  the 
tamest  of  finches,  but  its  mules  are  as  wild,  when  young,  as 
newly  caught  birds,  and  are  often  lost  through  their  continued 
efforts  to  escape.  Hybrids  are  often  raised  between  the 
common  and  musk  duck,  and  I  have  been  assured  by  three 
persons,  who  have  kept  these  crossed  birds,  that  they  were 
not  wild ;  but  Mr.  Gamett*^  observed  that  his  hybrids  were 
wild,  and  exhibited  "  migratory  propensities  "  of  which  there 
is  not  a  vestige  in  the  common  or  musk  duck.  No  case  is 
known  of  this  latter  bird  having  escapeil  and  become  wild  in 
Europe  or  Asia,  except,  according  to  Pallas,  on  the  Caspian 
Sea  ;  and  the  common  domestic  duck  only  occasionally  becomes 
wild  in  districts  where  large  lakes  and  fens  abound.  Kever- 
theless,  a  large  number  of  cases  have  been  recorded**  of 
hybrids  from  these  two  ducks  having  been  shot  in  a  com- 
pletely wild  state,  although  so  few  are  reared  in  comparison 
with  purely-bred  birds  of  either  species.  It  is  improbable 
that  any  of  these  h3'brids  could  have  acquired  their  wildness 

**  ^L^b.ivs  on  Naturar  IILstonr,' p.  asserts  (*  Zoologist,*  vol.  v.,  1845-4H, 

917.  p.  12.') 4)  that  !>everal  have  been  shot 

*'^  As  state>i  by  Mr.  Orton,  in  his  in   various    parts    of    Belgium    and 

*  Physiology  of  Bree«ling,*  p.  12.  Northern  France.    Audubon  (*Ornith- 

**  M.     K.     de     Seiy.s-Longchanips  olog.    liiugraphy,'   vol.    iii.   p.    168), 

refers  ('Uulletin  Acad.  Roy.  de  Brux-  speaking  of  these  hybrids,  says  that, 

elles,*  torn.  xii.  No.  in)  to  more  than  in    North  America,  they  "now   and 

r.even    of    the<e     hybrids     shot     in  then   wander   off  and   become  quite 

Switzerland   and  France.      M.   Dcby  wild." 
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from  the  musk-duck  having  paired  with  a  truly  wild  duck ; 
aud  this  is  known  not  to  be  the  case  in  North  America ;  hence 
we  must  infer  that  they  have  reacquired,  through  reversion, 
their  wildness,  as  well  as  renewed  powers  of  flight. 

These  latter  facts  remind  us  of  the  statements,  so  frequently 
made  by  travellers  in  all  parts  of  the  world,  on  the  degraded 
state  aud  savage  disposition  of  crossed  races  of  man.  That 
many  excellent  and  kind-hearted  mulattos  have  existed  no  one 
will  dispute ;  and  a  more  mild  and  gentle  set  of  men  could 
hardly  be  found  than  the  inhabitants  of  the  island  of  Chiloe, 
who  consist  of  Indians  commingled  with  Spaniards  in  various 
proportions.  On  the  other  hand,  many  years  ago,  long  before 
I  had  thought  of  the  present  subject,  I  was  struck  with  the 
fact  that,  in  South  America,  men  of  complicated  descent 
between  Negroes,  Indians,  and  Spaniards,  seldom  had,  what- 
ever the  cause  might  be,  a  good  expression.*^  Livingstone, — 
and  a  more  unimpeachable  authority  cannot  be  quoted, — after 
8i)eaking  of  a  half-caste  man  on  the  Zambesi,  described  by  the 
Portuguese  as  a  rare  monster  of  inhumanity,  remarks,  "  It  is 
unaccountable  why  half-castes,  such  as  ho,  are  so  much  more 
cruel  than  the  Portuguese,  but  such  is  undoubtedly  the  case." 
An  inhabitant  remarked  to  Livingstone,  "God  made  white 
men,  and  God  made  black  men,  but  the  Devil  made  half- 
castes."**  When  two  races,  both  low  in  the  scale,  are  crossed 
the  progeny  seems  to  bo  eminently  bad.  Thus  the  noble- 
hearted  Humboldt,  who  felt  no  prejudice  against  the  inferior 
races,  speaks  in  strong  terms  of  the  bad  and  savage  disposition 
of  Zambosy  or  half-castes  between  Indians  and  Negroes ;  and 
this  conclusion  has  been  arrived -at  by  various  observers.*^ 
From  these  facts  we  may  perhaps  infer  that  the  degraded  state 
of  so  many  half-castes  is  in  part  due  to  reversion  to  a  primitive 
and  savage  condition,  induced  by  the  act  of  crossing,  even  if 
mainly  due  to  the  unfavourable  moral  conditions  under  which 
they  are  generally  reared. 

Summary  on  the  proximate  causes  leading  to  Beversion, — When 

«'  •Journal  of  Be»e«rchcs,*  1845,  *•  Dr.  P.  Broca,  on  *  HybriJity  in 

p.  71.  the    Geaus    Homo,'    £ng.    translat., 

«•<  Expedition    to    the    Zambesi,'  1864,  p.  39. 
1865,  pp.  25,  1 50. 
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pnrely-brcd  auimals  or  plants  reassume  long-loet  characters, — 
when  the  common  ass,  for  instance,  is  bom  "with  striped  legs, 
when  a  pure  race  of  black  or  white  pigeons  throws  a  slaty- 
bhie  bird,  or  when  a  cultivated  heartsease  with  large  and 
roundeil  flowei*s  prmliices  a  seedling  with  small  and  elongated 
flowers, — we  are  quite  nnable  to  assign  any  proximate  cause. 
When  animals  nm  wild,  the  tendency  to  reversion,  which, 
though  it  has  been  greatly  exaggerated,  no  doubt  exists,  is 
sometimes  to  a  certain  extent  intelligible.  Thus,  with  feral 
pigs,  exix)snre  to  the  weather  will  probably  favour  the  growth 
of  the  bristles,  as  is  known  to  be  the  case  with  the  hair  of 
other  domesticated  animals,  and  through  correlation  the  tusks 
will  tend  to  be  rcilevoloped.  But  the  reappearance  of  coloured 
lonptudinal  stripes  on  young  feral  pigs  a»nnot  be  attributed 
to  the  direct  action  of  external  conditions.  In  this  case,  and 
in  many  others,  we  can  only  say  that  any  change  in  the 
habits  of  life  apparently  favour  a  tendency,  inherent  or  latent 
in  the  species,  to  return  to  the  primitive  state. 

It  will  be  shown  in  a  future  chapter  that  the  position  of 
flowers  on  the  summit  of  the  axis,  and  the  position  of  seeds 
within  the  capsule,  sometimes  determine  a  tendency  towards 
reversion  ;  and  this  apparently  depends  on  the  amount  of  sap 
or  nutriment  which  the  flower-buds  and  seeds  receive.  The 
position,  also,  of  buds,  either  on  branches  or  on  roots,  some- 
times determines,  as  was  formerly  shown,  the  transmission  of 
the  character  proper  to  the  variety,  or  its  reversion  to  a  former 
state. 

We  have  seen  in  the  last  section  that  when  two  races  or 
species  are  crossed  there  is*the  strongest  tendency  to  the  re- 
appearance in  the  offspring  of  long-lost  characters,  ix)sscs8ed 
by  neither  parent  nor  immediate  progenitor.  When  two 
white,  or  red,  or  black  pigeons,  of  well-established  breeds, 
are  united,  the  offspring  are  almost  sure  to  inherit  the  same 
colours ;  but  when  difforently-coloured  birds  are  crossed,  tho 
of)lK)8ed  forces  of  inheritance  apinirently  counteract  each 
other,  and  the  tendency  which  is  inherent  in  both  parents  to 
produce  slaty-blue  offspring  Ijecomes  j)redominant.  So  it  is 
in  several  other  cases.  Tut  when,  for  instance,  the  ass  is 
crossed  with  E.  indicus  or  with   the  horse,— animals  which 


Chap.  XOL  BEVEBSION.  23 

have  not  striped  legs,— and  the  hybrids  have  conspicuous 
stripes  on  their  legs  and  even  on  their  faces,  all  that  can  bo 
said  is,  that  an  inherent  tendency  to  reversion  is  evolved 
through  some  disturbance  in  the  organisation  caused  by  the 
act  of  crossing. 

Another  form  of  reversion  is  far  commoner,  indeed  is  almost 
universal  with  the  offspring  from  a  cross,  namely,  to  the 
characters  proper  to  either  pure  parent-foim.  As  a  genei  al 
rule,  crossed  offspring  in  the  first  generation  are  nearly  inter- 
mediate between  their  parents,  but  the  grandchildren  and 
succeeding  generations  continually  revert,  in  a  greater  or 
lesser  degree,  to  one  or  both  of  their  progenitors.  Several 
authors  have  maintained  that  hybrids  and  mongrels  include 
all  the  characters  of  both  parents,  not  fused  together,  but 
merely  mingled  in  different  proportions  in  different  parts  of 
the  body ;  or,  as  Naudin  *°  has  expressed  it,  a  hybrid  is  a 
living  mosaic-work,  in  which  the  eye  cannot  distinguish  the 
discordant  elements,  so  completely  are  they  intermingled. 
We  can  hardly  doubt  that,  in  a  certain  sense,  this  is  true,  as 
when  we  behold  in  a  hybrid  the  elements  of  both  species 
segregating  themselves  into  segments  in  the  same  flower  or 
fruit,  by  a  process  of  self-attraction  or  self-aflSnity ;  this 
segregation  taking  place  either  by  seminal  or  bud-propagation. 
Naudin  further  believes  that  the  segregation  of  the  two 
specific  elements  or  essences  is  eminently  liable  to  occur  in 
the  male  and  female  reproductive  matter ;  and  he  thus 
explains  the  almost  universal  tendency  to  reversion  in  succes- 
sive hybrid  generations.  For  this  would  be  the  natural 
result  of  the  union  of  pollen  and  ovules,  in  both  of  which  the 
elements  of  the  same  species  had  been  segregated  by  self- 
afilnity.  If,  on  the  other  hand,  pollen  which  included  the 
elements  of  one  species  happened  to  unite  with  ovules  includ- 
ing the  elements  of  the  other  species,  the  intermediate  or 
hybrid  state  would  still  be  retained,  and  there  would  be 
no  reversion.  But  it  would,  as  I  suspect,  be  more  correct 
to  say  that  the  elements  of  both  parent-species  exist  in  every 
hybrid  in  a  double  state,  namely,  blended  together  and  com- 

**  *Nourcllcfl  Archires  du  Museum,*  torn.  i.  p.  151. 
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plctoly  separate.  How  this  is  possible,  and  what  the  term 
specific  essence  or  element  may  be  supposed  to  express,  I  shall 
attempt  to  show  in  the  chapter  on  the  hypothesis  of  pangenesis. 

But  Naudin's  view,  as  propounded  by  him,  is  not  applicable 
to  the  reappearance  of  characters  lost  long  ago  by  variation  ; 
and  it  is  hardly  applicable  to  races  or  species  which,  after 
having  been  crossed  at  some  former  period  with  a  distinct 
form,  and  having  since  lost  all  traces  of  the  cross,  neverthe- 
less occasionally  yield  an  individual  which  reverts  (as  in  the 
case  of  the  great- great-grand  child  of  the  pointer  Sappho)  to 
the  crossing  form.  The  most  simple  case  of  reversion,  namely, 
of  a  hybrid  or  mongrel  to  its  grandparents,  is  connected  by  an 
almost  perfect  series  with  the  extreme  case  of  a  purely-bred 
race  recovering  characters  which  had  been  lost  during  many 
ages  ;  and  we  are  tlius  led  to  infer  that  all  the  cases  must  bo 
related  bv  tome  common  bond. 

Gartner  believed  that  only  highly  sterile  hybrid  plants  ex- 
hibit any  tendency  to  reversion  to  their  parent- forms.  This 
ciToneous  belief  may  perhaps  be  accounted  for  by  the  nature 
of  the  genera  crossed  by  him,  for  he  admits  that  the  tendency 
iliffers  in  different  genera.  The  statement  is  also  directly  con- 
tradicted by  Naudin's  observations,  and  by  the  notorious  fact 
that  perfectly  fertile  mongrels  exhibit  the  tendency  in  a  high 
degree, — even  in  a  higlier  degree,  according  to  Gartner 
himself,  than  hybrids.^^ 

Gartner  further  states  that  reverKions  rarely  occur  with 
hybrid  j)lants  raised  from  species  which  have  not  been  culti- 
vated, whilst,  with  those  which  have  been  long  cultivated, 
they  are  of  frequent  occurrence.  This  conclusion  explains 
a  curious  discrepancy :  Max  Wichura,^^  who  worked  exclu-. 
sively  on  willows  which  had  not  been  subjected  to  culture, 
never  saw  an  instance  of  reversion  ;  and  he  goes  so  far  as  to 
suspect  that  the  careful  Gartner  had  not  sufficiently  protected 
his  hybrids  from  the  pollen  of  the  parent  species  :  Naudin,  on 
the  other  hand,  who  chiefly  experimented  on  cucurbitaceous  and 
other  cultivated  plants,  insists  more  strenuously  than  any  other 

"  *  Bastardcrzruirung,'  s.  582,  408,       der  Weiden,'  1865,  s.  23.  For  Gartner's 
8ic.  remarks  on  this  head,  see  *Bastard- 

*•  *  Die  Babtardbcfruthtuug  ....       erzcugung,'  s.*474,  582. 
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author  on  the  tendency  to  reversion  in  all  hybrids.  The  con- 
clusion that  the  condition  of  the  parent-species,  as  affected  by 
culture,  is  one  of  the  proximate  causes  leading  to  reversion, 
agrees  well  with  the  converse  case  of  domesticated  animals  and 
cultivated  plants  being  liable  to  reversion  when  they  become 
feral ;  for  in  both  cases  the  organisation  or  constitution  must 
be  diisturbed,  though  in  a  very  different  way.^^ 

Finally,  we  have  seen  that  characters  often  reappear  in 
purely-bred  races  without  our  being  able  to  a?sign  any 
proximate  cause ;  but  when  they  become  feral  this  is  either 
indirectly  or  directly  induced  by  the  change  in  their  condi- 
tions of  life.  With  crossed  breeds,  the  act  of  crossing  in 
itself  certainly  leads  to  the  recovery  of  long-lost  characters* 
as  well  as  of  those  derived  from  either  parent-form.  Changed 
conditions,  consequent  on  cultivation,  and  the  relative  position 
of  buds,  flowers,  and  seeds  on  the  plant,  all  apparently  aid  in 
giving  this  same  tendency.  Reversion  may  occur  either 
through  seminal  or  bud  generation,  generally  at  birth,  but 
sometimes  only  with  an  advance  of  age.  Segments  or  portions 
of  the  individual  may  alone  be  thus  affected.  That  a  being 
should  be  bom 'resembling  in  certain  cliaracters  an  ancestor 
removed  by  two  or  three,  and  in  some  cases  by  hundreds  or 
even  thousands  of  generations,  is  assuredly  a  wonderful  fact. 
In  these  cases  the  child  is  commonly  said  to  inherit  such 
characters  directly  from  its  grandparent,  or  more  remote 
ancestors.  But  this  view  is  hardly  conceivable.  If,  however, 
we  suppose  that  every  character  is  derived  exclusively  from 
the  father  or  mother,  but  that  many  characters  lie  latent  or 
dormant  in  both  parents  during  a  long  succession  of  genera- 
,  tions,  the  foregoing  facts  are  intelligible.  In  what  manntr 
characters  may  be  conceived  to  lie  latent,  will  be  considered 
in  a  future  chapter  to  which  I  have  lately  alluded. 

L^itent  Characters, — But  I  must  explain  what  is  meant  by 

*•  Prof.    Weismann,    in    his    very  elusion,  namely,  that  any  cause  which 

curious  essay  on   the  difl'erent  forms  disturbs  the  organisation,  such  as  the 

produced    by    the    same    species    of  exposure  of  the  cocoons  to  beat   or 

butterfly  at  different  seasons  (*  Saison-  even     to     much    shaking,    gives     a 

Dimorphbmus  der  Schmetterlinge,'  pp.  tendency  to  reversion. 
27,  28),  has  come  to  a  similar  con- 
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characters  lying  latent.  The  moet  obvious  illustration  is 
afforded  bv  secondary  sexual  characters.  In  everv  female  all 
the  secondary  male  characters,  and  in  every  male  all  the 
secondary  female  characters,  apparently  exist  in  a  latent 
state,  rcadv  to  be  evolved  under  certain  conditions.  It  is 
well  known  that  a  largo  numlx?r  of  female  birds,  such  as 
fowls,  various  pheasants,  partridges,  peahens,  ducks,  Ac, 
when  old  or  diseased,  or  when  opeiated  on,  assume  many  or 
all  of  the  secondary  male  characters  of  their  species.  In 
the  case  of  the  hen-pheasant  this  has  l^een  observed  to  occur 
far  more  frequently  during  certain  years  than  during  others.** 
A  duck  ton  years  old  has  been  known  to  assume  both  the 
perfect  winter  and  summer  plumage  of  the  drake."  Water- 
ton  ^^  gives  a  curious  case  of  a  lien  which  had  ceased  laying, 
and  ha«l  assumeil  the  plinnage,  voice,  spurs,  and  warlike 
disposition  of  the  cock  :  when  opposeil  to  an  enemy  she  would 
erect  her  hackles  and  show  fight.  Thus  every  character,  even 
to  tlie  instinct  and  manner  of  fighting,  must  have  lain 
dormant  in  this  hen  as  long  as  her  ovaria  continued  to  act. 
The  females  of  two  kinds  of  deer,  when  old,  have  been  known 
to  acquire  horns  ;  and,  as  Hunter  has  remarked,  we  see  some- 
thing of  an  analogous  nature  in  the  human  species. 

On  the  other  hand,  with  male  animals,  it  is  notorious  that 
the  secondary  sexual  characters  arc  more  ur  less  completely 
lost  when  they  are  subjected  to  castration.  Thus,  if  the 
operation  be  performed  on  a  young  cock,  he  never,  as  Yarrell 
states,  crows  again  ;  the  comb,  wattles,  and  spurs  do  not  grow 
to  their  full  size,  and  the  hackles  assume  an  intermediate 
appearance  between  true  hackles  and  the  feathers  of  the  hen. 
Cases  are  recorded  of  confinement,  which  often  affects  the 
reproductive  system,  causing   analogous  results.      But  cha- 


"  Varrell,  *rhil.  Transact.,*  1827, 
|».  268 ;  Dr.  liamilton,  in  *  Proc. 
Zoolog.  S<H\,*  18»j2,  p.  23. 

**  *  Archiv.  Skand.  IWiti-age  zur 
Naturgesih.'  viii.  ».  397-413. 

•*  in  his  *Ks.<ay«  on  Nat.  Hist.,* 
1838,  Mr.  Hewitt  jjires  analogous 
cases  with  hen-pheasants  in  *  Journal 
of  Horticulture,  July  12, 1864,  p.  37. 


IsiJore  Geoffroy  Saint-Hilaire,  in  his 
*  K<sais  de  Zoolog.  Grn.*  (*  suites  i 
BuJVon.*  184::,  pp.  496-513),  has 
colltMto.l  sui'h  c:ises  in  ton  different 
kiuds  o(  birds.  It  ap|>ears  that 
Aristotle  was  well  awnre  of  the 
change  in  mental  dis{>osition  in  old 
hens.  The  case  of  the  female  deer 
acquiring  horns  is  given  at  p.  513. 
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racters  properly  confined  to  the  female  are  likewise  acquired 
by  the  male ;  the  capon  takes  to  sitting  on  eggs,  and  will 
bring  up  chickens ;  and  what  is  more  curious,  the  utterly 
sterile  male  hybrids  from  the  pheasant  and  the  fowl  act  in 
the  same  manner,  "  their  delight  being  to  watch  when  the 
hens  leave  their  nests,  and  to  take  on  themselves  the  office  of 
a  sitter."  *^  That  admirable  observer  Reaumur  ^*  asserts  that 
a  cock,  by  being  long  confined  in  solitude  and  darkness,  can 
be  taught  to  take  charge  of  young  cliickens ;  he  then  utters 
a  peculiar  cry,  and  retains  during  his  whole  life  this  newly 
acquired  maternal  instinct.  The  many  well-ascei-tained  cases 
of  various  male  mammals  giving  milk  shows  that  their  rudi- 
mentary mammary  glands  retain  this  capacity  in  a  latent 
condition. 

We  thus  see  that  in  many,  probably  in  all  cases,  the 
secondary  characters  of  each  sex  lie  dormant  or  latent  in  the 
opposite  sex,  ready  to  be  evolved  under  peculiar  circumstances. 
AVe  can  thus  understand  how,  for  instance,  it  is  possible  for 
a  good  milking  cow  to  transmit  her  good  qualities  through 
her  male  offspring  to  future  generations ;  for  we  may  confi- 
dently believe  that  these  qualities  are  present,  though  latent, 
in  the  males  of  each  generation.  So  it  is  with  the  game-cock, 
who  can  transmit  his  superiority  in  courage  and  vigour 
through  his  female  to  his  male  offspring  ;  and  with  man  it  is 
known  ^®  that  diseases,  such  as  hydrocele,  necessarily  confined 
to  the  male  sex,  can  be  transmitted  through  the  female  to  the 
grandson.  Such  cases  as  these  offer,  as  was  remarked  at  the 
commencement  of  this  chapter,  the  simplest  possible  examples 
of  reversion  ;  and  they  are  intelligible  on  the  belief  that 
characters  common  to  the  grandparent  and  grandchild  of  the 
same  sex  are  present,  though  latent,  in  the  intermediate 
parent  of  the  opposite  sex. 

The  subject  of  latent  characters  is  so  important,  as  we  shall 
see  in  a  future  chapter,  that  I  will  give  another  illustration. 
Many  animals  have  the  right  and  left  sides  of  their  body 

»'  *CotUge    Gardener,'    1860,    p.  »•  Sir  H.  Holland,  *  Medical  Notes 

379.  and   Reflections,*  3rd  edit.,  1855,  p. 

••  *  Art  d«  faire  Eclorc,'  Ac,  1749,  31. 
torn.  ii.  p.  8. 
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nnequaUy  developed  :  this  is  w«ll  known  to  be  the  case  with 
flat-lLah,  in  which  the  one  side  differs  in  thickness  and  colonr 
and  in  the  shape  of  the  £es^  from  the  other,  and  during  the 
growth  of  the  vounjr  fish  one  eve  is  irradnallv  twisted  from 
the  lower  to  the  npj^r  surface .*•*  In  nic«t  flat-fishes  the  left 
is  the  blind  side,  but  in  s^:»me  it  is  the  right :  though  in  both 
cases  reversed  or*  wrv^ng  fishes,**  an?  occsbsionally  developed  ; 
and  in  Platessa  Acsas  the  riirht  or  left  side  is  indifferently  the 
ilppcT  one.  With  g;istorojxxls  or  shell-fislu  the  right  and  left 
sides  are  extremely  unlike  ;  the  far  greater  number  of  species 
are  dextral,  with  rare  and  occinsional  reversals  of  development, 
and  some  few  are  normally  sinistral ;  but  certain  species  of 
Bulimns,  and  many  Achatinelhv/^  are  as  often  sinistral  as 
dextral.  I  will  give  an  analop.nis  civse  in  the  great  articulate 
kingdom  :  the  two  sides  of  Verruca*-  are  so  wonderfully 
unlike,  that  witlnmt  careful  dissection  it  is  extremely  difficult 
to  recognise  the  corresi>onding  jxirts  on  the  opposite  sides  of 
the  body ;  yet  it  is  apparently  a  mere  matter  of  chance 
w'hetlior  it  bo  the  right  or  the  loft  side  that  undergoes  so 
sinp^ilar  amount  of  change.  ( hie  plant  is  known  to  mo  ^  in 
which  the  flower,  acct>rding  as  it  stands  on  the  one  or  other 
side  of  the  spike,  is  unecjually  deveK»iKHl.  In  all  the  foregoing 
cases  the  two  sides  are  jx^rfectly  symmetrical  at  an  early 
period  of  growth.  Now,  whenever  a  sj^ecies  is  as  liable  to  be 
unecpially  developed  on  the  one  as  on  the  other  side,  we  may 
infer  that  the  capacity  for  snch  development  is  present, 
though  latent,  in  the  undeveloi>ed  side.  And  as  a  reversal  of 
development  occasionally  occurs  in  animals  of  many  kinds, 
this  latent  capacity  is  prol>ably  very  common. 

1'he  best  yet  simplest  cases  of  characters  lying  dormant 
are,  i)erhaps,  those  previously  given,  in  which  chickens  and 
young  pigeons,  raised  from  a  cross  Ixtween  differently  coloured 

••  .*vr  Stc'cnstnipon  the  *  Obliquity  j».  200. 

of*  Kloumlers ' :  in  *  Annals  and  Mag.  of  *'  Darwin,  •  RalaniJa'/    Kay  Soc, 

Nat.  Hi>t.'  May,   iSO.'i,   p.   3G1.      I  18.'>4,  p.  491) :    i^i-e  also  the  appended 

have    ijivon   an    abstract   of    Malm's  n'oiarks  on  the  apparently  capricious 

rxplanation  of  this  \von<it'rfnl  phcno-  <Ievelopinfnt  of  the  thoracic  limbs  on 

ini'non  in  tho  'Origin  of  Species'  tJih  the  right  and  left  sides  in  the  higher 

K<Ht.  p.  18«).  crustaceans. 

*'  I>r.  K.  von  Martens,  in  *  Annals  **  Mormmlcs  ignea :  Darwin,  *  Fer- 

in«l  Mag.  of  Nat.  Hi'.t.'  March,  186G,  tili>ation  of  Orchi  Is,'  1862,  p.  251. 
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birds,  are  at  first  of  one  colour,  but  in  a  year  or  two  acquire 
feathers  of  the  colour  of  the  other  parent ;  for  in  this  case  the 
tendency  to  a  change  of  plumage  is  clearly  latent  in  the  young 
bird.  So  it  is  with  hornless  breeds  of  cattle,  some  of  which 
acquire  small  horns  as  the}'  grow  old.  Purely  bred  black  and 
white  bantams,  and  some  other  fowls,  occasionally  assume,  with 
advancing  years,  the  red  feathers  of  the  parent-species.  I  will 
here  add  a  somewhat  different  case,  as  it  connects  in  a  striking 
manner  latent  characters  of  two  classes.  Mr.  Hewitt  ^^  pos- 
sessed an  excellent  Sebright  gold-laced  bantam  hen,  which, 
as  she  became  old,  grew  diseased  in  her  ovaria,  and  assumed 
male  chai*acters.  In  this  breed  the  males  resemble  the  females 
in  all  respects  except  in  their  combs,  wattles,  spurs,  and 
instincts  ;  hence  it  might  have  been  expected  that  the  diseased 
hen  would  have  assumed  only  those  masculine  characters 
which  are  i)roper  to  the  breed,  but  she  acquired,  in  addition, 
well-arched  tail  sickle- feathers  quite  a  foot  in  length,  saddle- 
feathers  on  the  loins,  and  hackles  on  the  neck, — (Jrnaments 
which,  as  Mr.  Hewitt  remarks,  "  would  be  held  as  abominable 
in  this  breed."  The  Sebright  bantam  is  known  ^*  to  have 
originated  about  the  year  1800  from  a  cross  between  a  common 
bantam  and  a  Polish  fowl,  recrossed  by  a  hen-tailed  bantam, 
and  carefully  selected ;  hence  there  can  hardly  be  a  doubt 
that  the  sickle-feathers  and  hackles  which  appeared  in  the  old 
hen  were  derived  from  the  Polish  fowl  or  common  bantam ;  and 
we  thu8  see  that  not  only  certain  masculine  characters  proper 
to  the  Sebright  bantam,  but  other  masculine  characters  derived 
from  the  first  progenitors  of  the  breed,  removed  by  a  period  of 
above  sixty  years,  were  lying  latent  in  this  henbird,  ready 
to  be  evolved  as  soon  as  her  ovaria  became  diseased. 

From  these  several  facts  it  must  be  admitted  that  certain 
characters,  capacities,  and  instincts,  may  lie  latent  in  an  indi- 
vidual, and  even  in  a  succession  of  individuals,  without  our 
licing  able  to  detect  the  least  sign  of  their  i^resencc.  When 
fowls,  pigeons,  or  cattle  of  different  colours  are  crossed,  and 

'      •**  Journal  of  Horticulture,*  July,  Tejjetmeier. 
1864,  p.  38.     I  have  had  the  nppor-  •*  *The    Poultry    Book,'    by    Mr. 

tunity  of  examining  these  remarkable  Tegetmeicr,  1866,  p.  241. 
feathers  through  the  kindne;>s  of  Mr. 
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their  offspring  change  colour  as  they  grow  old,  or  when  tlio 
crossed  tiirbit  acquired  the  characteristic  frill  after  its  third 
moult,  or  when  purely-bred  bantams  partially  assume  the  red 
plumage  of  their  prototype,  wo  caimot  doubt  that  these 
qualities  were  from  the  first  present,  though  latent,  in  the 
individual  animal,  like  the  characters  of  a  moth  in  the  cater- 
pillar. Now,  if  these  animals  had  produced  offspring  before 
they  had  acquired  with  advancing  age  their  new  characters, 
nothing  is  more  probable  than  that  they  would  have  trans- 
mitted them  to  some  of  their  offspring,  who  in  this  case  would 
in  appearance  have  received  such  characters  from  their  grand- 
parents or  more  distant  progenitors.  We  should  then  have 
had  a  case  of  reversion,  that  is,  of  the  reappearance  in  the 
child  of  an  ancestral  character,  actually  present,  though 
during  youth  completely  latent,  in  the  parent ;  and  this  we 
may  safely  conclude  is  what  occurs  in  all  reversions  to  pro- 
genitors, however  remote. 

This  view  of  the  latency  in  each  generation  of  all  the  cha- 
ractei*s  which  appear  through  rever^ion,  is  also  supported  by 
their  actual  presence  in  some  cases  during  early  youth  alone, 
or  by  their  more  freqtient  appearance  and  greater  distinctness 
at  this  age  than  during  maturity.  We  have  seen  that  this  is 
often  the  case  with  the  stripes  on  the  legs  and  faces  of  the 
several  species  of  the  horse-genus.  The  Himalayan  rabbit, 
when  crossed,  sometimes  protluces  offspring  which  revert  to 
the  parent  silver-grey  breed,  and  we  have  seen  that  in  purely 
bred  animals  pale- grey  fur  occasionally  reappears  during  early 
youth.  Black  cats,  wo  may  feel  assured,  would  occasionally, 
produce  by  reversion  tabbies ;  and  on  young  black  kittens, 
with  a  pedigree^®  known  to  have  been  long  pure,  faint  traces 
of  stripes  may  almost  always  be  seen  which  afterwards  dis- 
appear. Hornless  Suffolk  cattle  occasionally  produce  by 
i-eversion  homed  animals  ;  and  Youatt  ^"^  asserts  that  even  in 
hornless  individuals  "  the  rudiment  of  a  horri  may  be  often 
felt  at  an  early  age." 

No  doubt  it  appears  at  first  sight  in  the  highest  degiee  im- 
probable that  in  every  horse  of  every  generation  there  should 

••  Carl  Vogt,  *  Lecture-;  on  Man,*  ••   '  On  Cattle,'  p.  174. 

Elng.  tran>lat.,  18  51,  p.  411. 
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be  a  latent  capacity  and  tendency  to  produce  strii>es,  though 
these  may  not  appear  onoe  in  a  thousand  generations ;  that  in 
every  white,  black,  or  other  coloured  pigeon,  which  may  have 
transmitted  its  proper  colour  during  centuries,  there  should 
be  a  latent  capacity  in  the  plumage  to  become  blue  and  to  be 
marked  with  certain  characteristic  bars  ;  that  in  every  child 
in  a  six-fingered  family  there  should  be  the  capacity  for  the 
production  of  an  additional  digit;  and  so  in  other  cases. 
Nevertheless,  there  is  no  more  inherent  improbability  in  this 
being  the  case  than  in  a  useless  and  rudimentary  organ,  or  even 
in  only  a  tendency  to  the  production  of  a  rudimentary  organ, 
being  inherited  during  millions  of  generations,  as  is  well 
known  to  occur  with  a  multitude  of  organic  beings.  There  is 
no  more  inherent  improbability  in  each  domestic  pig,  during  a 
thousand  generations,  retaining  the  capacity  and  tendency  to 
develop  great  tusks  under  fitting  conditions,  than  in  the  young 
calf  having  retained  for  an  indefinite  number  of  generations 
rudimentary  incisor  teeth,  which  never  protrude  through  the 
gums. 

I  shall  give  at  the  end  of  the  next  chapter  a  summary  of  the 
three  preceding  chapters ;  but  as  isolated  and  striking  cases 
of  reversion  have  here  been  chiefly  insisted  on,  I  wish  to 
guard  the  reader  against  supposing  that  reversion  is  due  to 
some  rare  or  accidental  combination  of  circumstances.  When 
a  character,  lost  during  hundreds  of  generations,  suddenly 
reappears,  no  doubt  some  such  combination  must  occur ;  but 
reversions  to  the  immediately  preceding  generations  may  be 
constantly  observed,  at  least,  in  the  offspring  of  most  unions. 
This  has  been  universally  recognised  in  the  case  of  hybrids 
and  mongrels,  but  it  has  been  recognised  simply  from  the 
difference  between  the  united  forms  rendering  the  resemblance 
of  the  offspring  to  their  grandparents  or  more  remote  pro- 
genitors of  easy  detection.  Reversion  is  likewise  almost  in- 
variably the  rule,  as  Mr.  Sedgwick  has  shown,  with  certain 
diseases.  Hence  we  must  conclude  that  a  tendency  to  this 
)>cculiar  form  of  transmission  is  an  integral  part  of  the 
general  law  of  inheritance. 

Monstrasiites, — A  large  number  of  monstrous  growths  and 
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of  lesser  anomalies  are  admitted  bv  everv  one  to  be  due  to  an 

m  m 

arrest  of  development,  that  is.  to  the  persistence  of  an  embry- 
onic condition.      But   manv   monstrc^itics  cannot  be  thus 
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explaine*:! ;  for  fjarts  of  which  no  trace  can  be  detected  in  the 
em>;rvo,  but  which  occur  in  other  memWrs  of  the  same  class 
of  aniiiiaU  occasionally  appear,  and  these  may  probably  with 
truth  Ijc  attribute*]  to  reversjion.  As,  however.  I  have  treated 
this  subject  as  fully  as  I  could  in  my  *  Descent  of  Man ' 
(chap,  i.,  2nd  edit.),  I  will  not  here  recur  to  it. 

AVhen  flowers  which  have  normally  an  irregular  structure  become 
regular  or  peloric,  the  change  is  generally  Lx>ked  at  by  botanists  as 
a  return  to  the  primitive  state.  But  Dr.  31axwcll  Masters,  **  who 
has  ably  discu^ed  this  subject,  remarks  that  when,  for  instance^  all 
.  the  sepals  of  a  TropoBolum  become  green  and  of  the  same  shape, 
instead  of  being  coloured  with  one  prolonged  into  a  spur,  or  when 
all  the  petals  of  a  Linaria  become  simple  and  regular,  such  cases 
may  bo  due  merely  to  an  arrest  of  development ;  for  in  these  flowers 
all  the  organs  during  their  earliest  condition  are  symmetrical,  and, 
if  arrested  at  this  stage  of  growth,  they  would  not  liecome  irr^nlar. 
If,  moreover,  the  arrest  were  to  take  place  at  a  still  earlier  period 
of  development,  the  result  would  be  a  simple  tuft  of  green  leaves ; 
and  no  one  probably  would  call  this  a  case  of  reversion.  Dr.  Masters 
designates  the  cases  first  alluded  to  as  regular  peloria ;  and  others, 
in  which  all  the  corresponding  parts  assume  a  similar  form  of 
irregularity,  as  when  all  the  petals  in  a  Linaria  become  spurred,  as 
irregular  peloria.  AVe  have  no  right  to  attribute  these  latter  cases 
to  reversion,  until  it  can  be  shown  that  the  parent-form,  for  instance, 
of  the  genus  Ijinaria  had  had  all  its  petals  spurred ;  for  a  chance  of 
this  nature  might  result  from  the  spreading  of  an  anomalous 
structure,  in  accordance  with  the  law,  to  be  discussed  in  a  future 
cliapter,  of  homologous  parts  tending  to  vary  in  the  same  manner. 
But  as  both  forms  of  peloria  frequently  occur  on  the  same  individual 
plant  of  the  Linaria,^'  they  probably  stand  in  some  close  relation  to 
one  another.  On  the  doctrine  that  peloria  is  simply  the  result  of  an 
arrest  of  development,  it  is  difficult  to  understand  how  an  organ 
arrested  at  a  very  early  period  of  growth  should  acquire  its  full 
functional  perfection ; — how  apetiil,  supposed  to  be  thus  arrested, 
should  acquire  its  brilliant  colours,  and  serve  as  an  envelope  to  the 
liower,  or  a  stamen  produce  efficient  pollen ;  yet  this  occurs  with 

••  *  Natural  Hist.   Review/  April,  cases,  Sitzb.  d.  k.  Akad.  d.  Wissensch. : 

ld(>;i,  p.  'j:)8.     See  al.-Mi  hi5  Lectun-,  Wien.   Bl.    LX.   ani   especially   Bd. 

Koyal    Institution,  March   Vi,   1><»;<X  LXVI.,  1872,  p.  125. 

On  Hain«f  subject,  »cc  Moquin-TanJon,  ••»  Verlot,  '  1X»3  V'arict<5s,*  1865,  p. 

*  fileinonts  de  Tcratologie,'  1841,  pp.  89;  Nau  lin,  *Xouvclles  ArchiTcn  du 

184,  '6b2     Dr.  IVyritsch  has  collected  Museum.'  torn.  i.  p  137. 
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many  pcloric  flowers.  That  pelorism  is  not  due  to  mero  chance 
variability,  but  either  to  an  arrest  of  development  or  to  reversion, 
we  may  infer  from  an  observation  made  by  Ch.  Morren,^®  namely, 
that  families  which  have  irregular  flowers  often  "  return  by  these 
monstrous  growths  to  their  regular  form;  whilst  we  never  sec  a 
regular  flower  realise  the  structure  of  an  irregular  one." 

Some  flowers  have  almost  certainly  liecome  more  or  less  completely 
peloric  through  reversion,  as  the  following  interesting  case  shows. 
Corydalis  tuberosa  properly  has  one  of  its  two  nectaries  colourless, 
destitute  of  nectar,  only  half  the  size  of  the  other,  and  therefore,  to 
a  certain  extent,  in  a  rudimentary  state;  the  pistil  is  curved 
towards  the  perfect  nectary,  and  the  hood,  formed  of  the  inner 
petals,  slips  off  the  pistil  and  stamen  in  one  direction  alone,  so  that, 
when  a  bee  sucks  the  perfect  nectary,  the  stigma  and  stamens  are 
exposed  and  rubbed  against  the  insect's  body.  In  several  closely 
allied  genera,  as  in  Dielytra,  &c.,  there  are  two  perfect  nectaries, 
the  pistil  is  straight,  and  the  hood  slips  off  on  either  side,  accord- 
ing as  the  bee  sucks  either  nectary.  Now,  I  have  examined  several 
flowers  of  Corydalis  tuberosa,  in  which  both  nectaries  were  equally 
developed  and  contained  nectar ;  in  tliis  we  see  only  the  redevelop- 
ment of  a  partially  aborted  organ ;  but  with  this  redevelopment  the 
pistil  becomes  straight,  and  the  hood  slips  off  in  either  direction , 
so  that  these  flowers  have  acquired  the  perfect  structure,  so  well 
adapted  for  insect  agency,  of  Dielytra  and  its  allies.  We  cannot 
attribute  these  coadapted  modiflcations  to  chance,  or  to  correlated 
variability;  we  must  attribute  them  to  reversion  to  a  primordial 
condition  of  the  species. 

The  peloric  flowers  of  Pelargonium  have  their  five  petals  in  all 
respects  alike,  and  there  is  no  nectary ;  so  that  they  resemble  the 
symmetrical  flowers  of  the  closely  allied  genus  Geranium ;  but  the 
altcmato  stamens  are  also  sometimes  destitute  of  anthers,  the 
shortened  filaments  being  left  as  rudiments,  and  in  this  respect 
they  resemble  the  symmetrical  flowers  of  the  closely  allied  genus 
£r(xlium.  Hence  we  may  look  at  the  peloric  flowers  of  Pelargo- 
nium as  having  reverted  to  the  state  of  some  primordial  form,  the 
progenitor  of  the  three  closely  related  genera  of  Pelargonium, 
Geranium,  and  Erodium. 

In  the  peloric  form  of  Antirrhinum  wajus,  appropriately  called 
the"  Wonder  "  iho  tubular  and  elongated  flowers  differ  wonderfully 
from  those  of  the  common  snapdragon ;  the  calyx  and  the  mouth 
of  the  corolla  consist  of  six  equal  lobes,  and  include  six  equal  instead 
of  four  unequal  stamens.  One  of  the  two  additional  stamens  is 
manifestly  formed  by  the  development  of  a  microscopically  minute 
])apilla,  which  may  bo  found  at  the  base  of  the  upi)er  lip  of  the 
flower  of  the  common  snapdragons  in  the  nineteen  plants  examined 


'*  In  his  discussion  on  some  curious       nal  of  Horticulture,'  Fvb.  24,  1863, 
peloric  Calceolarias,  quoted  in  *Jour-       p.  152. 
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by  me.  That  this  papilla  is  a  rudiment  of  a  stamen  was  well  shown 
by  its  various  degrees  of  development  in  crossed  plants  between  the 
common  and  the  peloric  Antirrhinum.  Again,  a  peloric  Gdleoh- 
dolon  lufeum,  growing  in  my  garden,  had  five  equal  petals,  all  striped 
like  the  ordinary  lower  lip,  and  included  live  equal  instead  of  four 
unequal  stamens;  but  Mr.  11.  Keeley,  who  sent  me  this  plant, 
informs  me  that  the  flowers  vary  greatly,  having  from  four  to  six 
lobes  to  the  corolla,  and  from  three  to  six  stamens.'*  Now,  as  the 
members  of  the  two  great  families  to  which  the  Antirrhinum  and 
Galeobdolon  belong  are  properly  pentamerous,  with  some  of  the 
p^arts  confluent  and  others  suppressed,  we  ought  not  to  look  at  the 
sixth  stamen  and  the  sixth  lolx)  to  the  corolla  in  either  case  as  due 
to  reversion,  any  more  than  the  additional  petals  in  double  flowers 
in  these  same  two  families.  But  the  case  is  different  with  the  fifth 
stamen  in  the  peloric  Antirrhinum,  which  is  produced  by  the 
redevelopment  of  a  rudiment  always  present,  and  which  probably 
reveals  to  us  the  state  of  the  flower,  as  far  as  the  stamens  are  con- 
cerned, at  some  ancient  epoch.  It  is  also  difficult  to  believe  that 
the  other  four  stamens  and  the  petals,  after  an  arrest  of  develop- 
ment at  a  very  early  embryonic  age,  would  have  come  to  full 
perfection  in  colour,  structure,  and  function,  unless  these  organs 
had  at  some  former  period  normally  passed  through  a  similar  course 
of  growth.  Hence  it  appears  to  me  probable  that  the  progenitor  of 
the  genus  Antirrhinum  must  at  some  remote  epoch  have  included 
five  stamens  and  borne  flowers  in  some  degree  resembling  those  now 
produced  by  the  peloric  form.  The  conclusion  that  peloria  is  not 
a  mere  monstrosity,  irrespective  of  any  former  state  of  the  species, 
is  supported  by  the  fact  that  this  structure  is  often  strongly  in- 
heritca,  as  in  the  case  of  the  peloric  Antirrhinum  and  Gloxinia  and 
sometimes  in  that  of  the  peloric  Corydalis  soUda?* 

Lastly  I  may  add  that  many  instances  have  been  recorded  of 
flowers,  not  generally  considered  as  peloric,  in  which  certain 
organs  are  abnormally  augmented  in  numl)er.  As  an  increase 
of  parts  cannot  be  looked  at  as  an  arrest  of  development,  nor  as  duo 
to  the  redeyolopmcnt  of  rudiments,  for  no  rudiments  are  present, 
and  as  these  adaitional  parts  bring  the  plant  into  closer  relationship 
with  its  natural  allies,  they  ought  probably  to  Ik)  viewed  as  rever- 
sions to  a  primordial  condition. 

These  several  facts  show  us  in  an  interesting  manner  how 
intimately  certain  abnormal  states  arc  connected  together; 
namely,  arrests  of  development  causing  parts  to  l)ecomo  rudi- 
mentary or  to  be  wholly  suppressed, — the  redevelopment  ol 

'*  For  other  cases  of  «ix  divisions  '*  Godron,     reprinted     from      the 

in  peloric  flowers  of  the  I^biata;  and  *  Memoires   dc   I'Acad.   de  Stanislas,' 

Scrophulariacesp,  sec  Moquin-Tandon,  1868. 
*  Teratologic,*  p.  Iy2. 
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parts  now  in  a  more  or  less  rudimentary  condition, — the  re- 
appearance of  organs  of  which  not  a  vestige  can  be  detecteil, 
— and  to  these  may  bo  added,  in  the  case  of  animals,  the 
presence  during  youth,  and  subsequent  disappearance,  of  cer- 
tain characters  which  occasionally  are  retained  throughout 
life.  Some  naturalists  look  at  all  such  abnormal  structures  as 
a  return  to  the  ideal  state  of  the  group  to  which  the  affected 
being  belongs;  but  it  is  difficult  to  conceive  what  is  meant  to 
be  conveyed  by  this  expression.  Other  naturalists  maintain, 
with  greater  probability  and  distinctness  of  view,  that  the 
common  bond  of  connection  between  the  several  foregoing 
cases  is  an  actual,  though  partial,  return  to  the  structure  of 
the  ancient  progenitor  of  the  group.  If  this  view  be  correct, 
we  must  believe  that  a  vast  number  of  characters,  capable  of 
evolution,  lie  hidden  in  every  organic  being.  But  it  would 
be  a  mistake  to  suppose  that  the  number  is  equally  great  in 
all  beings.  We  know,  for  instance,  that  plants  of  many 
orders  occasionally  become  peloric ;  but  many  more  cases  have 
been  observed  in  the  Labiates  and  Scrophulariacece  than  in 
any  other  order ;  and  in  one  genus  of  the  Scrophulariacefie, 
namely  Linaria,  no  less  than  thirteen  species  have  been  de- 
scribed in  this  condition.^^  On  this  view  of  tha  nature  of 
j)cloric  flowers,  and  bearing  in  mind  certain  monstrosities  in 
the  animal  kingdom,  we  must  conclude  that  the  progenitors  of 
most  plants  and  animals  have  left  an  impression,  capable  of 
redevelopment,  on  the  germs  of  their  descendants,  altliough 
these  have  since  been  profoundly  modified. 

The  fertilised  germ  of  one  of  the  higher  animals,  subjected 
as  it  is  to  so  vast  a  series  of  changes  from  the  germinal  cell  to 
old  age, — incessantly  agitated  by  what  Quatrefages  well  calls 
the  tourbillon  vital, — is  perhaps  the  most  wonderful  object  in 
nature.  It  is  probable  that  hardly  a  change  of  any  kind 
affects  either  parent,  without  some  mark  being  left  on  the 
germ.  But  on  the  doctrine  of  reversion,  as  given  in  this 
chapter,  the  germ  Injcomes  a  far  more  marvellous  object,  for, 
besides   the   visible   changes  which   it  undergoes,  we  must 

'•  Moquia-TandoD,  *  Teratologie,'  p.  18 J. 
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believe  that  it  is  crowded  with  invisible  characters,  proper  to 
both  sexes,  to  both  the  right  and  left  side  of  the  body,  and 
to  a  long  line  of  male  and  female  ancestors  separated  by 
Inmdreds  or  even  thousands  of  generations  from  the  present 
time :  and  these  characters,  like  those  written  on  paper  with 
invisible  ink,  lie  ready  to  be  evolved  whenever  the  organisa- 
tion is  disturbed  by  certain  kno^\^^  or  unknown  conditions. 
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CHAPTER  XIV. 

r:i!KRlTAN'CE     continued — FIXEDNESS    OF     CIIARACTE?.— PREPOTKNCY 
— SEXUAL  LIMITATION — CORRESPONDENCE  OF   AGE. 

tl\U)SES8  OF  CHABACTEB  APPARENTLY  NOT  DUE  TO  ANTIQUITY  OP  INHERI- 
TANCE -  TRErOTENCY  OP  TRANSMISSION  IN  INDIVIDUALS  OF  THE  SAME 
FAMILY,  IN  CROSSED  BREEDS  AND  SPECIES;  OFTEN  STRONGER  IN  ONE 
SEX  THAN  THE  OTHER;  SOMETIMES  DUE  TO  THE  SAME  CHARACTER 
BEING  PRESENT  AND  VISIBLE  IN  ONE  BREED  AND  LATENT  IN  THE  OTHER 
— INHERITANCE  AS  LIMITED  BY  SEX — NEWLY-ACQUIRED  CHARACTERS  IN 
OUR  DOMESTICATED  ANIMALS  OFTEN  TRANSMITTED  BY  ONE  SEX  ALONE, 
SOMETIMES  LOST  BY  ONE  SEX  ALONE — INHERITANCE  AT  CORRESPONDING 
PERIODS  OF  LIFE— THE  IMIX)RTANCE  OF  THE  PRINCIPLE  WITH  RESPECT 
TO  EMBRYOLOGY ;  AS  EXHIBITED  IN  DOMESTICATED  ANIMALS  :  AS 
EXHIBITED  IN  THE  APPEARANCE  AND  DISAPPEARANCE  OF  INHERITED 
DISEASES;  SOMETIMES  SUPERVEVINO  EARLIER  IN  THE  CHILD  THAN  IN 
a  HE  PARENT— SUMMARY  OF  THE  THREE  PRECEDING  CHAPTERS. 

In  the  last  two  chapters  the  nature  and  force  of  Inheritance, 
the  circumstances  which,  interfere  with  its  power,  and  the 
tendency  to  Reversion,  with  its  many  remarkable  contingen- 
cies, were  discussed.  In  the  present  chapter  some  other 
related  phenomena  will  be  treated  of,  as  fully  as  my  materials 

ixjmiit. 

Fixedness  of  CJuiracter, 

It  is  a  general  belief  amongst  breeders  that  the  longer  any 
character  has  been  transmitted  by  a  breed,  the  more  fully  it 
will  continue  to  be  transmitted.  I  do  not  wish  to  dispute  the 
truth  of  the  proposition  that  inheritance  gains  strength 
simply  tlirough  long  continuance,  but  I  doubt  whether  it  can 
be  proved.  In  one  sense  the  proposition  is  little  better  than 
a  truism ;  if  any  character  has  remained  constant  during  many 
generations,  it  will  be  likely  to  continue  so,  if  the  conditions 
of  life  remain  the  same.  So,  again,  in  improving  a  breed,  if 
care  be  taken  for  a  length  of  time  to  exclude  all  inferior 
individuals,  the  breed  will  obviously  tend  to  become  truer, 
as  it  will  not  have  been  crossed  during  many  generations  by 
an  inferior  animal.     We  have  previously  seen,  but  without 
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being  able  to  assiign  any  cause,  that,  when  a  new  character 
appears,  it  is  occasionally  from  the  first  constant,  or  fluctoates 
mnch,  or  whoUv  fails  to  be  transmitted.  So  it  is  with  the 
aggregate  of  slight  differences  which  characterise  a  new 
variety,  for  some  proj>agate  their  kind  from  the  first  much 
truer  than  others.  Even  i^-ith  plants  multiplied  by  bulbs, 
layers,  &c.,  which  may  in  one  sense  be  said  to  form  parts  of 
the  same  individual,  it  is  well  known  that  certain  varieties 
retain  and  transmit  through  successive  bud-generations  their 
newly-acquired  characters  more  truly  than  others.  In  none 
of  these,  nor  in  the  following  cases,  does  there  appear  to  be 
any  relation  between  the  force  with  which  a  character  is 
transmitted  and  the  length  of  time  during  which  it  has  been 
transmitted.  Some  varieties,  such  as  white  and  yellow  hya- 
cinths and  white  sweet-peas,  transmit  their  colours  more 
faithfully  tlian  do  the  varieties  which  have  retained  their 
natural  colour.  In  the  Irish  family,  mentioned  in  the  twelfth 
chapter,  the  peculiar  tortoiseshell-like  colouring  of  the  eyes 
was  transmitted  far  more  faithfully  than  any  ordinary  colour. 
Ancon  and  Mauchamp  sheep  and  niata  cattle,  which  are  all 
comparatively  modem  breeds,  exhibit  remarkably  strong 
powers  of  inheritance.  Many  similar  cases  could  be  adduced. 
As  all  domesticate^l  animals  and  cultivated  plants  have 
varie<l,  and  yet  are  descended  from  aboriginally  wild  forms, 
which  no  doubt  had  retained  the  same  character  from  an 
immensely  remote  epoch,  wo  see  that  scarcely  any  degree  of 
antiquity  ensures  a  character  being  transmitted  perfectly 
true.  In  this  case,  however,  it  may  l>o  said  that  changed 
conditions  of  life  induce  certain  modifications,  and  not  that 
the  power  of  inheritance  fails ;  but  in  every  case  of  failure, 
some  cause,  either  internal  or  external,  must  interfere.  It 
will  generally  be  found  that  the  organs  or  parts  which  in 
our  domesticated  pixxluctions  liavo  varied,  or  which  still 
continue  to  vary, — that  is,  which  fail  to  retain  their  former 
state, — are  the  same  with  the  parts  which  difier  in  the  natural 
species  of  the  siime  genus.  As,  on  the  theory  of  descent  with 
moilifieatiun,  the  species  of  the  same  genus  have  been  modified 
since  they  bruncheil  oft'  from  a  common  progenitor,  it  follows 
that  the  characters  by  which  they  difler  from  one  another 
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have  varied,  whilst  other  parts  of  the  organisation  have  re- 
mained unchanged ;  and  it  might  be  argued  that  these  sama 
characters  now  vary  under  domestication,  or  fail  to  bo  in- 
herited, from  their  lesser  antiquity.  But  variation  in  a  state 
of  nature  seems  to  stand  in  some  close  relation  with  changed 
conditions  of  life,  and  characters  which  have  already  varied 
under  such  conditions  would  be  apt  to  vary  under  the  still 
greater  changes  consequent  on  domestication,  indeixjndently 
of  their  greater  or  less  antiquity. 

Fixedness  of  character,  or  the  strength  of  inheritance,  has 
often  been  judged  of  by  the  preponderance  of  certain  charac- 
ters in  the  crossed  offspring  between  distinct  races;  but 
prepotency  of  transmission  here  comes  into  play,  and  this,  as 
wo  shall  immediately  see,  is  a  very  different  consideration 
from  the  strength  or  weakness  of  inheritance.^  It  has  often 
been  observed  that  breeds  of  animals  inhabiting  wild  and 
mountainous  countries  cannot  be  permanently  modified  by 
our  improved  breeds;  and  as  these  latter  are  of  modem 
origin,  it  has  been  thought  that  the  greater  antiquity  of  the 
wilder  breeds  has  been  the  cause  of  their  resistance  to  im- 
provement by  crossing ;  but  it  is  more  probably  due  to  their 
structure  and  constitution  being  better  adapted  to  the  sur- 
rounding conditions.  When  plants  are  first  subjected  to 
culture,  it  has  been  found  that,  during  several  generations, 
they  transmit  their  characters  truly,  that  is,  do  not  vary,  and 
this  has  been  attributed  to  ancient  characters  being  strongly 
inherited :  but  it  may  with  equal  or  greater  probability  be 
consequent  on  changed  conditions  of  life  requiring  a  long 
time  for  their  cumulative  action.  Notwithstanding  these 
considerations,  it  would  perhaps  be  rash  to  deny  that  charac- 
ters become  more  strongly  fixed  the  longer  they  are  trans- 
mitted ;  but  I  believe  that  the  proposition  resolves  itself  into 
this, — that  characters  of  all  kinds,  whether  new  or  old,  tend 
to  bo  inherited,  and  that  those  which  have  already  withstood 
all  counteracting  influences  and  been  truly  transmitted,  will, 
as  a  general  rule,  continue  to  withstand  them,  and  conse- 
quently be  faithfully  inherited. 

»  See  Youatt  on  Cattle,  pp.  92,  69,       p.  325.      Also  Dr.  Lucas,  *  VlUr4d, 
78,  88,  163;  and  Youatt  oa  Sheep,       Nat.,*  torn.  ii.  p.  310. 
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Wzy/:.  ir.I:v:.:-LiIs,  t-il^nzir^z  t*>  the  sim-e  C^miTr,  but 
-^I'Arlr.':'  •;:.  .i-iz-"i  to  ^.<:  r^^oy^lsetL  or  wh^n  twr.  w-ell-marked 
rio^.  '.r  •TT^  sp-=:<:i-js.  ar^  crc^geL  tLe  TXan;il  pesulc,  as  stated 
;:.  ::.-=;  pr'^rvirjOij  cLiprrrr.  i.-^,  that  the  c-fe-rin^  in  tLe  first 
^r-^nfrr^iti  >n  ar«;  ijLteruL^il^z^:  b^twevn  their  parents,  or  Ksemblc- 
f,:.-':  iAT*:TA  11*  «ji.r;  i<iJZ  ani  the  other  parent  in  anotiier  part, 
liit  this  ih  hviLj  zu^=£xL^  the  invariable  rale;  for  in  manr 
<;sirtfA  it  is  f  jtin-l  t:^t  c>--rtiiin  in  livi.luaLs,  raixas.  and  species, 
sxTf:  pr*;p.»t>:r*t  in  tran^Tuittinz  their  likeness.  This  subject 
liiw  W-n  ahly  r!i.icrLTftf>l  by  Pr:««per  Lucas.'  but  is  rendered 
extremely  c»>mplei  by  t:.e  prej-jtency  £*:>metime8  running 
equally  in  Ijoth  seiet*.  anJ  s.nietimes  more  str»>ngly  in  one 
sex  than  in  the  other :  it  i-s  litewL*  oi-mplieated  by  the 
presence  of  s^AM-n-Lirf  sexual  characters,  which  render  the 
ejmpariai.«n  of  cr>s5i=.-'l  br»«-e'.I.s  with  their  parents  difficult. 

It  would  appear  that  in  certain  families  some  one  ancestor, 
and  after  him  others  in  the  same  f imily.  have  had  ^reat 
power  in  transmittin;r  their  likeness  through  the  male  line; 
for  we  cannot  other^^i^e  understand  how  the  same  festnres 
should  so  often  l>e  trans  mi  tt».-«I  after  marriajres  with  oanv 
females,  as  in  the  case  of  the  Austrian  Emperors :  and  so  it  was, 
according  to  Nit:biihr,  with  the  mental  qualities  of  certain 
Eoman  families.^  The  famous  liull  Favourite  is  believed  * 
to  have  had  a  prejwtent  influence  on  the  short-horn  race.  It 
has  also  been  observed  *  with  Englifth  race-horses  that  certain 
mares  have  generally  transmittetl  their  own  character,  whilst 
other  mares  of  equally  pure  blood  have  allowed  the  character 
of  the  sire  to  prevail.  A  famous  black  greyhound,  Bedlamite, 
as  I  hear  from  ^Ir.  C.  M.  Brown  "  invariably  got  all  his 
**  puppies  black,  no  matter  what  was  the  colour  of  the  bitch  ;*' 
but  then  Bedlamite  *'  had  a  preponderance  of  black  in  his 
**  blood,  both  on  the  sire  and  dam  sivle.'* 

'  •IK'rcJ.  Nat./  torn.   ii.  pp.  112-       27t\ 
I'-M.  *  Mr.  N.  H.  Smith.  'Observations 

*  Sir    II.   HoUumU   *  Chapters    ^n       on  iJr^-o  iinj:.*  quotol  in  *  Lncyclop.  of 
Mental  Physiology/  185'J,  p.  2M.  llural  Sjx^rts,'  p.  *278. 

*  MJanl'cncr's  I'hroniole/  ItWO,  p. 
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The  truth  of  the  principle  of  prepotency  comes  out  0101*6  clearly 
when  distinct  races  are  crossed.  The  improved  Short-homs,  not- 
withstanding that  the  breed  is  comparatively  modem,  are  generally 
acknowledged  to  possess  great  power  in  impressing  their  likeness 
on  all  other  breeds ;  and  it  is  chiefly  in  consequence  of  this  power 
that  they  are  so  highly  valued  for  exportation.*  Godine  has  given 
a  curious  case  of  a  ram  of  a  goat-hke  breed  of  sheep  from  the  Cape 
of  Good  Hope,  which  produced  offspring  hardly  to  be  distinguished 
from  himself,  when  crossed  with  ewes  of  twelve  other  breeds.  But 
two  of  these  half-bred  ewes,  when  put  to  a  merino  ram,  produced 
lambs  closely  resembling  the  merino  breed.  Girou  de  Buzareingues  ^ 
found  that  of  two  races  of  French  sheep  the  ewes  of  one,  when 
crossed  during  successive  generations  with  merino  rams,  yielded 
up  their  character  far  sooner  than  the  ewes  of  the  other  race. 
Sturm  and  Girou  liavo  given  analogous  cases  with  other  breeds  of 
sheep  and  with  cattle,  the  prepotency  running  in  these  cases 
through  the  male  side ;  but  I  was  assured  on  good  authority  in 
South  America,  that  when  niata  cattle  are  crossed  with  common 
cattle,  though  the  niata  breed  is  prepotent  whether  males  or  females 
are  used,  yet  that  tlie  prepotency  is  strongest  through  the  female 
line.  The  Manx  cat  is  tailless  and  has  long  hind  legs ;  Dr.  Wilson 
crossed  a  male  Manx  with  common  cats,  and,  out  of  twenty-three 
kittens,  seventeen  were  destitute  of  tails;  but  when  the  female 
Manx  was  crossed  by  common  male  cats  all  the  kittens  had  tails, 
though  they  were  generally  short  and  imperfect.® 

In  making  reciprocal  crosses  between  pouter  and  fantail  pigeons, 
the  jwuter-race  seemed  to  be  prepotent  through  both  sexes  over 
the  fantail.  But  this  is  probably  due  to  weak  power  in  the  fantail 
rather  than  to  any  unusually  strong  power  in  the  pouter,  for  I  have 
observed  that  barbs  also  preponderate  over  fantails.  This  weak- 
ness of  transmission  in  the  fantail,  though  the  breed  is  an  ancient 
one,  is  said  •  to  be  general ;  but  I  have  observed  one  exception  to 
the  rule,  namely,  in  a  cross  between  a  fantail  and  laugher.  The 
most  curious  instance  known  to  me  of  weak  power  in  both  sexes  is 
in  the  trumpeter  pigeon.  This  breed  has  lx?en  well  known  for  at 
least  130  years :  it  breeds  perfectly  true,  as  I  have  been  assured  by 
those  who  have  long  kept  many  birds :  it  is  characterised  by  a 
peculiar  tuft  of  feathers  over  the  beak,  by  a  crest  on  the  head,  by 
a  singular  coo  quite  unlike  that  of  any  other  breed,  and  by  much- 
feathered  feet  I  have  crossed  both  sexes  with  turbits  of  two  sub- 
breeds,  with  almond  tumblers,  spots,  and  runts,  and  reared  many 
mongrels  and  recrossed  them ;  and  though  the  crest  on  the  head 


•  Quotoil    by    Bronn,    *(ies(hichte  p.  112. 
•lor  Natur,*  b.  ii.  s.  170.     Sec  Sturm,  •  Mr.  Orton,  '  rhyhiolojry  of  Breetl- 

•  Ueber    Racen,*    1825,    s.    lf»4-107.  inp,'  1855,  p.  9. 
For  the  niata  cattle,  see  my  *  Journal  •  lioitnrd  and  Corbit*,  *Les  Pigeons,* 

of  llesearcheV  1845,  p.  146.  1824,  p.  224. 

'  Lucis,  » L*Ht'r<klit^  Nat.,*  torn.  ii. 
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find  foiithcrcd  foci  were  inherited  (as  is  generally  the  case  with 
tiuwt  l)nKi(lH),  1  have  never  seen  a  Yestigc  of  the  tuft  over  the  beak 
(If  heard  the  ])oculiiir  coo.  Boitard  and  Corbie  ^^  assert  that  this  is 
tho  iiiviiriablo  roKiilt  of  crossing  trumpeters  with  other  breeds: 
N(!iiiiu;iKt4!r,"  liowcver,  states  that  in  Germany  mongrels  have  becm 
ohtaiiKid,  thoiigii  very  rarely,  which  were  furnished  with  the  tuft 
and  would  truniiK>t:  but  a  pair  of  these  mongrels  with  a  tuft, 
wU'mh  I  i in |)orteu,  never  trumpeted.  Mr.  Brent  states^  that  the 
rroHM'd  ofTHpniig  of  a  tnim^ieter  were  crossed  with  trumpeters  for 
thrro  ^'[(riifrationH,  by  which  time  the  mongrels  had  7-8ths  of  this 
M'Kxi  in  their  veins,  yet  the  tuft  over  the  beak  did  not  appear.  At 
Mi(;  fourth  K<'iif -ration  the  tuft  appeared,  but  the  birds  though  now 
liiivin^  15-|()thH  trumpeter's  blood  still  did  not  trumpet.  This 
nuui  well  hhowH  the  wide'  dififcrence  between  inheritance  and  pre- 
poteiiey ;  for  here  wo  have  a  well-established  old  race  which 
tiMiiNinJtH  its  e.hara(;terH  faithfully,  but  which,  when  cro6»3d  with 
any  other  raee,  has  the  feeblest  i)ower  of  transmitting  its  two  chief 
'hanu'tffriKtic  fjualiticH. 

1  will  ^^ivcotie  other  instance  with  fowls  and  pigeons  of  weakness 
(ind  hiri'M'^ih  in  the  transmission  of  the  same  cnaracter  to  their 
rmtihtti  (iffsi>riiig.  The  Silk-fowl  breeds  true,  and  there  is  reason 
Vt  \n:\U',vii  in  a  very  ancient  race;  but  when  I  reared  a  large  number 
i/t  tiion^reJH  from  a  Silk-hon  by  a  Spanish  cock,  not  one  exhibited 
evMj  a  iriuui  of  the  sfM'alhKl  silkiness.  Mr.  Hewitt  also  asserts  that 
Ut  It')  iiiHiujwii  are  the  silky  feathers  transmitted  by  this  breed  when 
t'linitit'ii  witli  any  other  variety.  But  three  birds  out  of  many  raised 
\ty  Mr.  Ortoii  from  a  cross  l)etween  a  silk-cock  and  a  bantam-hen 
\nui  hi  Iky  feiithers."  So  that  it  is  certain  that  this  breed  very 
.wMojij  has  the  |K>wer  of  transmitting  its  peculiar  plumage  to  its 
«io>.sid  piopreny.  On  the  other  hand,  there  is  a  silk  sub-yarioty 
of  th(;  liiijiail  pipK)n,  whi(rh  has  its  feathers  in  nearly  the  same 
^t;lti;  tiH  ill  the  Silk-fowl :  now  we  have  already  seen  that  fantails, 
w)n-*j  erohKed,  i>*^«eHH  singularly  weak  power  in  transmitting  their 
j.'mim;iI  ^jiialitjes;  but  the  silk  sub-variety  when  crossed  with 
iiitv  oth<r  uniili-sizx'd  race  invariably  transmits  its  silky  feathers!" 

'J'hr-  w<;ll-kijown  horticulturist,  Mr.  Paul,  informs  mo  that  he 
f«  iiiJiM.-ri  the  J5lack  Prince  hollyhock  with  pollen  of  the  White 
<i'.'A/t:  and  tlie  J>;iiionade  and  Black  Prince  hollyhocks  reciprocally; 
but  not  one  M-edling  from  these  tliree  crosses  inherited  the  black 
t/A'fur  of  the  15 lack  I'rince.  So,  again,  iMr.  Laxton,  who  has  had 
nieh  ^Te.it  exjx.rienco  in  crossing  ]>eas,  writes  to  mo  that  "  when- 
*'  evir  a  eross  has  l^en  effected  Ixitwecn  a  white-blossomed  and  a 
•'  j/ijr|/Ie-bJo->oiJied  jKa,  or  l>etwe(tn  a  wliite-sceded  and  a  purple- 
"  t^i>'j*uA,  lro\\n  or  maple-seeded  pea,  the  offspring  seems  to  lose 


'*  -b-  I'..-"ii-.*  i-j..  ]r,S,  108.  Mr.  Hewitt,  in  'The  IVultrv  Book/ 

"  '}>:,\  ';;iriz.f,'  &<■.,  18:;7,  .<.  ;IC».  I'V  Tru'.'tmoior,  18-'.»>.  p.  224.' 

"  'Ih^  riir.-..ii  lJ....k.*  p.  4»;.  '  '*  lk.it.ira  and  C.»rbit-,  *I-es PigeonV 

■«  ■  |'iiv-ii.]«.gy  i-f  Hroi-lmg.'  p.  22  ;  ldJ4,  p.  220. 
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nearly  all  tho  characteristics  of  tho  white-flowered  and  white- 
seeded  varieties ;  and  this  result  follows  whether  these  yarieties 
have  been  used  as  the  pollen-bearing  or  seed-producing  parents." 
The  law  of  prepotency  comes  into  action  when  species  are  crossed, 
as  with  races  and  individuals.  Gartner  has  unequivocally  shown  ** 
that  this  is  the  case  with  plants.  To  give  one  instance:  when 
I^icotiana  paniculata  and  vincceflora  are  crossed,  the  character  of 
N,  paniculata  is  almost  completely  lost  in  the  hybrid ;  but  if  N. 
quadrivalvU  be  crossed  with  N,  vinccBflora,  this  latter  species, 
which  was  before  so  prepotent,  now  in  its  turn  almost  disappears 
under  the  power  of  N,  quadrivalvis.     It  is  remarkable  that  the 

Srepotency  of  one  species  over  another  in  transmission  is  quite  in- 
ependent,  as  shown  by  Gartner,  of  the  greater  or  less  facility  with 
which  the  one  fertilises  the  other. 

With  animals,  the  jackal  is  prepotent  over  tho  dog,  as  is  stated 
by  Flourens,  who  made  many  crosses  between  these  animals ;  and 
this  was  likewise  tlie  case  with  a  hybrid  which  I  once  saw  between 
a  jackal  and  a  terrier.  I  cannot  doubt,  from  the  observations  of 
Colin  and  others,  that  the  ass  is  prepotent  over  the  horse ;  the  pre- 
potency in  this  instance  running  more  strongly  through  the  male 
than  through  the  female  ass ;  so  that  the  mule  resembles  the  ass 
more  closely  than  does  the  hinny.'*  The  male  pheasant,  judging 
from  Mr.  Hewitt's  descriptions,"  and  from  the  hybrids  which  1 
have  seen,  preponderates  over  the  domestic  fowl ;  but  the  latter,  as 
far  as  colour  is  concerned,  has  considerable  X)owcr  of  transmission, 


"  *  Bastarderzeugting,*  s.  256,  290, 
&c.  Nandin  (*  Nouvellcs  Archives  du 
Mas^am,'  torn.  i.  p.  149)  gives  a 
striking  instance  of  prepotency  in 
Zhtura  slramoniwn  when  crossed  with 
two  other  species. 

>*  Floarens,  *  Long^vitd  Humaine,' 
p.  144,  on  crossed  jackals.  With 
respect  to  the  difference  between  the 
mule  and  the  hiuny,  I  am  aware  that 
this  has  generally  been  attributed  to 
the  sire  and  dam  transmitting  their 
characters  differently ;  but  Colin, 
who  has  given  in  his  *Trait«  Pbys. 
Comp.,*  torn.  ii.  pp.  037-539,  the 
fullest  description  which  I  have  met 
with  of  these  reciprocal  hybrids,  is 
strongly  of  opinion  that  the  ass  pre- 
ponderates in  both  crosses,  but  in  an 
unequal  degree.  This  is  likewise  the 
conclusion  of  Flourens,  and  of  Boch- 
stein  in  his  *  Naturgeschichte  Dcutsch- 
lands,*  b.  i.  s.  294.  The  tail  of  the 
htnny  is  much  more  like  that  of  the 
horit€  than  is  the  tnil  of  the  mule, 


and  this  is  generally  accounted  for 
by  the  males  of  both  species  trans- 
mitting with  greater  power  this  part 
of  their  structure ;  but  a  compound 
hybrid  which  I  saw  in  the  Zoological 
Gardens,  from  a  mare  by  a  hybrid 
ass-zebra,  closely  resembled  its  mother 
in  its  tail. 

"  Mr.  Hewitt,  who  bus  had  such 
great  experience  in  raising  these 
hybrids,  says  (*  Poultry  Book,*  by 
Mr.  Tegetm'eier,  1866,  pp.  165-167) 
that  in  all,  the  head  was  destitute  of 
wattles,  comb,  and  ear-lappets ;  and 
all  closely  resembled  the  pheasant  in 
the  shape  of  the  tail  and  general  con- 
t4»ur  of  the  body.  These  hybrids 
were  raised  from  hens  of  several 
breeds  by  a  cock-pheasant ;  but 
another  hybrid,  described  by  Mr. 
Hewitt,  was  raised  from  a  hen- 
pheasant,  by  a  silver-laced  Bantam 
cock,  and  this  possessed  a  rudinocntal 
comb  and  wattles. 
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for  hybrids  rdiscil  fr»m  fire  differently  coloured  bens  di£kied 
^Tt-atly  in  pluma^'c.  I  formerly  examined  some  curioas  hybrids  in 
tlie  Z^*x>I« lyrical  GarJtiL<,  between  the  Penguin  Tarietj  of  the  com- 
mon durk  and  the  Ejrjl^tian  g«xwe  (Ah.*er  ce^piiactis) ;  and  al- 
thoujih  I  vdW  not  fmaen  tiiat  the  domesticated  yaricty  prewm- 
derate*!  over  the  natural  species,  yet  it  had  strongly  impressed  its 
unnatural  upright  figure  on  these  hybrids. 

I  tea  aware  that  such  cases  as  the  foregoing  hare  been  ascribed 
by  varioas  authors,  not  to  one  species,  race,  or  individual  beinc 
))repotent  over  the  other  in  impressing  its  character  on  its  crossed 
off«)pnng,  but  to  such  rules  as  that  the  father  influences  the  ex- 
ternal characters  and  the  motlier  the  internal  or  vital  organs.  Bnt 
tlie  gr'.-at  diversity  of  the  rules  given  by  various  authors  ahnost 
prr/ves  their  falseness.  Dr.  Prosper  Lucas  has  fully  discused  this 
|x>int,  and  has  shown  ^'  that  none  of  the  rules  (and  I  could  add 
others  tfj  those  quoted  by  him)  apply  to  all  animals.  Similar  rules 
have  been  announced  for  plants,  and  have  been  proved  by  Gartner  ** 
to  lie  ull  erroneoas.  If  we  confine  our  view  to  the  domesticated 
r;u*es  of  a  single  sfKrcies,  or  perhaps  even  to  the  species  of  the  same 
p-nus,  some  such  rules  may  hold  good ;  for  instance,  it  seems  that 
ill  rwripnxjally  cnjssing  various  breeds  of  fowls  the  male  generally 
gives  colour;-"  but  conspicuous  exceptions  have  passed  under  my 
own  «-yes.  It  seems  that  the  ram  usually  gives  its  peculiar  horns 
:in<l  flee«re  to  its  crossed  offspring,  and  the  bull  the  presence  or 
a!p.-«f.-nr:e  of  lionis, 

Jn  the  following  chapter  on  Crossing  I  sliall  have  occasion  to 
show  that  certain  channrtcrs  are  rarely  or  never  blended  by  cross- 
irig,  but  are  transmitteil  in  an  unmodified  state  from  either  parent- 
form  ;  I  refer  to  this  fact  here  IxKrause  it  is  sometimes  accompanied 
on  tlie  one  Fide  by  prepotency,  which  thus  acquires  the  false 
ap|N.arance  of  unusual  strengtii.  In  the  same  chapter  I  shall 
show  that  the  rate  at  which  a  species  or  breed  absorbs  and  ob- 
literates another  by  repeated  crosses,  depends  in  chief  part  on 
prei»r>tency  in  transmLssion. 

In  conclusion,  some  of  the  cases  al)ove  given, — for  instance, 
that  of  the  truniiKjter  j)igcrm, — prove  that  there  is  a  wide 
difference  U;t\vf^,n  mere  inheritance  and  prepotency.  This 
latter  jKjwer  seems  to  us,  in  our  ignorance,  to  act  inmost  cases 
quite  capriciously.  The  very  same  character,  even  though 
it  1*<;  an  abnormal  or  monstrous  one,  such  as  silkv  feathers, 
may  l>e  transmitt«/<l  by  different  sjnTies,  when  crossed,  either 
with   preiKjtent  force  or  singular  feebleness.     It  is  obvious, 

'•  *L'Hi'to1.  Nat./  torn.  ii.  btnik  ii.  Museum/  tt»m.  i.  p.  148)  has  arrircd 

en.  i.  at  a  similar  ronrluoion. 

••  *  bastanWzeugung,' ».  2»>4-2H(>.  '•  H'ottage   CJarJcncr,'    18u6,   p|^ 

Naulin     (*  Nyuvellcs     Archive.^     du  I'Jl,  1J7. 
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that  a  purely-bred  form  of  either  sex,  in  all  cases  in  which 
prepotency  does  not  run  more  strongly  in  one  sex  than  the 
other,  will  transmit  its  character  with  prepotent  force  over 
a  mongrelised  and  already  variable  form.^^  From  several  of 
the  above-given  cases  we  may  conclude  that  mere  antiquity 
of  character  docs  not  by  any  means  necessarily  make  it  pre- 
iwtent.  In  some  cases  prepotency  apparently  depends  on  the 
same  character  being  present  and  visible  in  one  of  the  two 
breeds  which  are  crossed,  and  latent  or  invisible  in  the  other 
breed ;  and  in  this  case  it  is  natural  that  the  character  which 
is  potentially  present  in  both  breeds  should  be  prepotent. 
Thus,  we  have  reason  to  believe  that  there  is  a  latent  ten- 
dency in  all  horses  to  be  dun-coloured  and  striped ;  and 
when  a  horse  of  this  kind  is  crossed  with  one  of  any  other 
colour,  it  is  said  that  the  offspring  are  almost  sure  to  bo 
striped.  Sheep  have  a  similar  latent  tendency  to  become 
dark-coloured,  and  wo  have  seen  with  what  prepotent  force 
a  ram  with  a  few  black  spots,  when  crossed  with  white  sheep 
of  various  breeds,  coloured  its  offspring.  All  pigeons  have  a 
latent  tendency  to  become  slaty-blue,  with  certain  character- 
istic marks,  and  it  is  known  that,  when  a  bird  thus  coloured 
is  crossed  with  one  of  any  other  colour,  it  is  most  difficult 
afterwards  to  eradicate  the  blue  tint.  A  nearly  parallel  case 
is  oflfcred  by  those  black  bantams  which,  as  they  grow  old, 
dovelopo  a  latent  tendency  to  acquire  rod  feathers.  But 
there  are  exceptions  to  the  rule :  hornless  breeds  of  cattle 
possess  a  latent  capacity  to  reproduce  horns,  yet  when  crossed 
with  homed  breeds  they  do  not  invariably  produce  offspring 
bearing  horns. 

Wo  meet  with  analogous  cases  with  plants.  Striped  flowera, 
though  they  can  be  propagated  truly  by  seed,  have  a  latent 
tendency  to  become  uniformly  coloured,  but  when  once  crossed 
by  a  uniformly  coloured  variety,  they  ever  afterwards  fail  to 

**  See  «ome  rcmnrks  on  thin  head  botwton   English  and   French  sheep, 

with  respect  to  sheep  by  Mr.  Wilson,  He     found     that     he    obtiincd    the 

in  *  <iardener*8  Chronicle,'  1863,  p.  15.  desired  influence  of  the  £ngli:th  breeds 

Many  striking  instanceH  of  this  result  by  crossing  intentionally  mongrelised 

.ire     given     by    M.    Malingie-Noucl  French    breeds    with    pure    English 

(*  Journ.  K.  Agricnlt.  Soc.,*  vol.  xiv.  breeds. 
1853,  p.  220)  with  resficct  to  crosses 


pr<>lac»e  stride i  e-^^e^ilinr?."  An  lirrr  c*«e-  is  in  »>EBe  respects 
more  cnrious:  j:Iar.t»  leArirr  T^rli'ii?  di-w-ei*  have  so  strong 
a  latent  t^nletcy  !.:•  rerr>i:i?r  il-rir  nr-rmallv  invgalar 
flowers,  that  this  vfi^ea  -re^irs  "t  t  r::  is  when  a  plant  is  trans- 
planU-d  into  p»rer or  richer  «*: iL^  X :'«r  I  cr:«5»ed  the  peloric 
snapdragon  *' Antirrkimmm  Kay&#  ,  •ie5-:rribel  in  the  last  chapter, 
with  pollen  of  the  cc-miaon  fiTzn :  an  1  the  latter, reciprocally, 
with  peloric  p'Tlen.  I  thiis  r^isei  two  great  beds  of  seed- 
lings, and  not  one  was  j-^elori?.  Xaniin  '*  obtained  the  same 
result  from  cn:»ssing  a  pek-rio  Linjiria  with  the  commofn  form. 
I  carefully  examine*!  the  flowers  of  ninety  plants  of  the 
crossed  Antirrhinum  in  the  two  bels,  and  their  stmctnre  had 
not  been  in  the  least  affecte-l  by  the  cr*:«s.  except  that  in  a 
few  instances  the  minute  rudiment  of  the  fifth  stamen,  which 
is  always  present,  was  more  fully  c^r  even  completely  de- 
veloped. It  must  not  \jc  suppose^l  that  this  entire  obliteration 
of  the  peloric  structure  in  the  crossed  plants  can  be  accounted 
for  by  any  incapacity  uf  transmission :  for  I  raised  a  large 
bed  of  plants  from  the  peloric  Antirrhinum,  artificially  fer- 
tilised by  its  own  pollen,  and  sixteen  plants,  which  alono 
survived  the  winter,  were  all  as  perfectly  peloric  as  the 
parent-plant.  Here  we  have  a  good  instance  of  the  wide  dif- 
ference between  the  inheritance  of  a  character  and  the  power 
of  transmitting  it  to  crossed  offspring.  The  crossed  plants, 
which  perfectly  resembled  the  common  snapdragon,  were 
allowed  to  sow  themselves,  and  out  of  a  hundred  and  twenty- 
seven  seedlings,  eighty-eight  proved  to  he  common  snap- 
dragons, two  were  in  an  intermediate  condition  between  tho 
peloric  and  normal  state,  and  thirty-seven  were  perfectly 
jK'lorlc,  having  reverted  to  the  structure  of  their  one  grand- 
parent. This  case  seems  at  first  sight  to  offer  an  exception 
to  tho  rule  just  given,  namely,  that  a  character  which  is 
present  in  one  form  and  latent  in  the  other  is  generally 
traiiHiiiitted  with  preixitent  force  when  the  two  forms  are 
crossed.  For  in  all  tho  Scrophulariace©,  and  especially  in 
tho  genera  Antirrhinum  and  Linaria,  there  is,  as  was  shown 

"  Vcrlot,  *  Dm  Varictis,*  1865,  p.  66. 

*'  MoquiD-TandoD,  *  Teratologie/ p.  191. 

"  *  Nouvclles  Archives  du  Mu<eum,'  torn.  i.  p.  1:17. 
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in  the  last  chapter,  a  strong  latent  tendency  to  become 
peloric ;  but  there  is  also,  as  wo  have  seen,  a  still  stronger 
tendency  in  all  peloric  plants  to  reacquire  their  normal 
irregular  structure.  So  that  we  have  two  opposed  latent 
tendencies  in  the  same  plants.  Now,  with  the  crossed 
Antirrhinums  the  tendency  to  produce  normal,  or  irregular 
flowers,  like  those  of  the  common  Snapdragon,  prevailed  in 
the  first  generation;  whilst  the  tendency  to  pelorism,  ap- 
pearing to  gain  strength  by  the  intermission  of  a  generation, 
prevailed  to  a  large  extent  in  the  second  set  of  seedlings. 
How  it  is  possible  for  a  character  to  gain  strength  by  the 
intermission  of  a  generation,  will  be  considered  in  the  chapter 
on  pangenesis. 

On  the  whole,  the  subject  of  prepotency  is  extremely  intri- 
ciitc, — from  its  varying  so  much  in  strength,  even  in  regard 
to  the  same  character,  in  different  animals, — from  its  running 
cither  equally  in  both  sexes,  or,  as  frequently  is  the  case  with 
animals,  but  not  with  plants,  much  stronger  in  one  sex  than 
the  other, — from  the  .existence  of  secondary  sexual  charac- 
ters,— from  the  transmission  of  certain  characters  being 
limited,  as  we  shall  immediately  see,  by  sex, — from  certain 
characters  not  blending  together, — and,  i>erliaps,  occasionally 
from  the  effects  of  a  previous  fertilisation  on  the  mother. 
It  is  therefore  not  surprising  that  no  one  has  hitherto 
succeeded  in  drawing  up  general  rules  on  the  subject  of 
prepotency. 

Inheritance  as  limited  by  Sex, 

New  charactera  often  apjxMtr  in  one  sex,  and  are  afterwards 
transmitted  to  the  same  sex,  either  exclusively  or  in  a  much 
greater  degree  than  to  the  other.  This  subject  is  important, 
l)ecau80  with  animals  of  many  kinds  in  a  state  of  nature,  both 
high  and  low  in  the  scale,  secondary  sexual  characters,  not 
diix*ctly  connected  with  the  organs  of  reproduction,  are  con- 
spicuously present.  With  our  domesticated  animals,  characters 
of  this  kind  often  differ  widely  from  those  distinguishing  the 
two  sexes  of  the  parent  species ;  and  the  principle  of  inheri- 
tance, as  limited  by  sex,  explains  how  this  is  possible. 
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Dr.  P.  Lucas  lias  shown^  that  when  a  peculiarity,  in  no  manner 
connected  with  the  reproductive  organs,  appears  in  either  parent, 
it  is  often  transmitted  exclusiyely  to  the  oflfepring  of  the  same  sex, 
or  to  a  much  greater  number  of  them  than  of  the  opposite  sex. 
Thus,  in  the  family  of  Lambert,  the  horn-like  projections  on  the 
skin  were  traasmitted  from  the  father  to  his  sons  and  grandsons 
alone;  so  it  has  been  with  other  cases  of  ichthyosis,  with  super- 
numerary digits,  with  a  deficiency  of  digits  and  phalanges,  and  m  a 
lesser  degree  with  various  diseases,  especially  with  colour-blindness 
and  the  hsBmorrhagic  diathesis,  that  is,  an  extreme  liability  to  iHX>fuse 
and  uncontrollable  bleeding  from  trifling  woimds.  On  the  other 
hand,  mothers  have  transmitted,  during  several  generations,  to  their 
daughters  alone,  supernumerary  and  deficient  digits,  colour-blindness 
and  other  peculiarities.  So  that  the  very  same  peculiarity  may 
liecome  attaced  to  either  sex,  and  be  long  inherited  by  that  sex 
alone ;  but  the  attachment  in  certain  cases  is  much  more  frequent 
to  one  than  the  other  sex.  The  same  peculiarities  also  may  be 
promiscuously  transmitted  to  either  sex.  Dr.  Lucas  gives  other 
cases,  showing  that  the  male  occasionally  transmits  his  peculiarities 
to  bis  daughters  alone,  and  the  mother  to  her  sons  alone;  but  even 
in  this  case  we  see  that  inlieritance  is  to  a  certain  extent,  though 
inversely,  regulated  by  sex.  Dr.  Lucas,  after  weighing  the  whole 
evidence,  comes  to  the  conclusion  that  every  peculiarity  tends  to 
\)0  transmitted  in  a  greater  or  lesser  degree  to  that  sex  in  which  it 
first  appears.  But  a  more  definite  rule,  as  I  have  elsewhere  shown,** 
generally  holds  good,  namely,  that  variations  which  first  appear  in 
either  sex  at  a  late  period  of  life,  when  tlio  reproductive  functions 
are  active,  tend  to  be  dcvclo|)ed  in  that  sex  alone ;  wliilst  variations 
which  first  apixjar  early  in  life  in  either  sex  are  commonly  trans- 
mitted to  both  sexes.  1  am,  however,  far  from  supposing  that  this 
is  the  sole  determining  cause. 

A  few  details  from  the  many  cases  collected  by  Mr.  Sedgwick,*^ 
may  be  here  given.  Colour-blindness,  from  some  imknown  cause, 
shows  itself  much  oftcner  in  males  than  in  females ;  in  upwards  of 
two  hundred  cases  collected  by  Mr.  Sedgwick,  nine-tenths  rolatoi 
to  men ;  but  it  Ls  eminently  liable  to  be  transmitted  through  women. 
In  the  case  given  by  Dr.  Earle,  members  of  eight  related  families 
were  affected  during  five  generations:  these  families  consisted  of 
sixty-one  individuals,  namely,  of  thirty-two  males,  of  whom  nine- 
sixteenths  were  incapable  of  distinguishing  colour,  and  of  twenty- 
nine  females,  of  whom  only  one-fifteenth  were  thus  affected. 
Although  colour-blindness  thus  generally  clings  to  the  male  sex, 


*^  *  I/Hi-rcd.  Nat.,'  torn.  ii.  pp.  137-  *'  On  Sexual  Limitation  in  Ilcredi- 

105.      »?<.'<•,  aUo,  Mr.  Sttlgwick's  four  t.iry  Diseases,  'Brit,  an  I  For.  Med. - 

memoirs,  iinnic.iiately   to  be  referrei  C'hirurg.  Keview/ April  1861,  p. 477  ; 

to.  July,  p.  li)8  ;  April  1863,  p.  445 ;  and 

"  '  Descent  of  M.in,'  Jnl  clit.,  p.  .Tuly,  p.  i:)0.     Also  in  1867,'  *0n  the 

■J'J.  inriuence  of  .\ge  in  Hereditary  Diueasc/ 
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nevertheless,  in  one  instance  in  which  it  first  appeared  in  a  female, 
it  was  transmitted  during  five  generations  to  thirteen  individuals, 
all  of  whom  were  females.  The  hsemorrhagic  diathesis,  often  accom- 
panied by  rheumatism,  has  been  known  to  affect  the  males  alone 
during  five  generations,  being  transmitted,  however,  through  the 
females.  It  is  said  that  deficient  phalanges  in  the  fingers  have 
been  inherited  by  the  females  alone  during  ten  generations.  In 
another  case,  a  man  thus  deficient  in  both  hands  and  feet,  trans- 
mitted the  peculiarity  to  his  two  sons  and  one  daughter;  but  in 
the  third  generation,  out  of  nineteen  grandchildren,  twelve  sons 
had  the  family  defect,  whilst  the  seven  daughters  were  free.  In 
ordinary  cases  of  sexual  limitation,  the  sons  or  daughters  inherit 
the  peculiarity,  whatever  it  may  be,  from  their  father  or  mother, 
and  transmit  it  to  their  children  of  the  same  sex ;  but  generally 
with  the  hsBmorrhagic  diathesis,  and  often  with  colour-blindness, 
and  in  some  other  cases,  the  sons  never  inherit  the  peculiarity 
directly  from  their  fathers,  but  the  daughters  alone  transmit  the 
latent  tendency,  so  that  the  sons  of  the  daughters  alone  exhibit  it. 
Thus  the  father,  grandson,  and  great-great-grandson  will  exhibit  a 
peculiarity, — the  grandmother,  daughter,  and  great-grand -daughter 
having  transmitted  it  in  a  latent  state.  Hence  we  have,  as  Mr. 
Sedgwick  remarks,  a  double  kind  of  atavism  or  reversion;  each 
grandson  apparently  receiving  and  developing  the  peculiarity  from 
his  grandfather,  and  each  daughter  apparently  receiving  the  latent 
tendency  from  her  grandmother. 

From  the  various  facts  recorded  by  Dr.  Prosper  Lucas,  Mr. 
Sedgwick,  and  others,  there  can  be  no  doubt  tliat  peculiarities  first 
appearing  in  either  sex,  though  not  in  any  way  necessarily  or 
invariably  connected  with  that  sex,  strongly  tend  to  be  inherited  by 
the  oi&pring  of  the  same  sex,  but  are  often  transmitted  in  a  latent 
state  through  the  opposite  sex. 

Turning  now  to  domesticated  animals,  wo  find  that  certain 
characters  not  proper  to  the  parent  species  are  often  confined  to, 
and  inherited  by,  one  sex  alone ;  but  we  do  not  know  the  history 
of  tlie  first  appearance  of  such  characters.  In  the  chapter  on  Shec]), 
wo  have  seen  that  the  males  of  certain  races  differ  greatly  from 
the  females  in  the  shape  of  their  horns,  these  being  absent  in  the 
ewes  of  some  breeds ;  they  differ  also  in  the  development  of  fat  in 
tlio  tail  and  in  the  outline  of  the  forehead*  These  differences, 
judging  from  the  character  of  the  allied  wild  species,  cannot  Ih) 
accounted  for  by  supposing  that  they  have  been  derived  from 
distinct  parent  forms.  There  is,  also,  a  great  difference  between 
the  horns  of  the  two  sexes  in  one  Indian  breed  of  goats.  The  bull 
zebu  is  said  to  have  a  larger  hump  than  the  cow.  In  the  Scotch 
deer-hound  the  two  sexes  differ  in  size  more  than  in  any  other 
variety  of  the  dog,**  and,  judging  from  analogy,  more  than  in  the 
aboriginal  parent-species.      The   peculiar  colour   called  tortoise- 

»•  W.  Scrope,  *  Art  of  Deer  Stalking,*  p,  354. 
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shell  is  Tory  rarely  seen  in  a  male  cat;  the  males  of  this  Tarietj 
being  of  a  rusty  tint. 

In  various  breeds  of  the  fowl  the  males  and  females  often  differ 
greatly ;  and  these  differences  are  far  from  being  the  same  wiUi 
those  which  distinguish  the  two  sexes  of  the  parent-species,  the 
(J alius  h'lnkiva;  and  consequently  have  originated  under  domesti- 
cation. In  certain  sub- varieties  of  the  Game  race  we  have  the 
unusual  case  of  the  hens  differing  from  each  other  more  than  the 
cocks.  In  an  Indian  breed  of  a  white  colour  shaded  with  black,  the 
hens  invariably  have  black  skins,  and  their  bones  are  covered  by  a 
black  periosteum,  whilst  the  cocks  are  never  or  most  rarely  thus 
characterised.  Pigeons  offer  a  more  interesting  case ;  for  throughout 
tlie  whole  great  family  the  two  sexes  do  not  often  differ  much ;  and 
the  males  and  females  of  the  parent-form,  the  C.  livia,  are  und[istin- 
guishable :  yet  wo  have  seen  that  with  pouters  the  male  has  the 
characteristic  quality  of  pouting  more  strongly  developed  than  the 
f(;mule ;  and  in  certain  sub- varieties  the  males  alone  are  spotted  or 
striatal  with  black,  or  otherwise  differ  in  colour.  When  male  and 
female  Knglish  can'ier-pigoons  are  exhibited  in  separate  pens,  the 
difference  in  the  development  of  the  wattle  over  the  beak  and 
round  the  eyes  is  consjHcuous.  So  that  here  we  have  instances  of 
the  appearance  of  R'condary  sexual  characters  in  the  domesticated 
races  of  a  Hpi^cies  in  which  such  differences  are  naturally  quite 
almcMit. 

On  the  other  hand,  secondary  sexual  characters  which 
Ixihrng  to  the  Ki)ecies  in  a  state  of  nature  are  sometimes  quite 
lost,  or  greatly  diniinisluMl,  under  domestication.  We  see 
this  in  the  Muiall  size  of  the  tusks  in  our  improved  breeds  of 
the  i)ig,  in  comparison  with  those  of  the  wild  boar.  There 
ure  sub-breeds  of  fowls,  in  which  the  males  have  lost  the  fine- 
flowing  tail-feathers  and  hackles;  and  others  in  which  there 
is  no  difference  in  colour  between  the  two  sexes.  In  some 
v^HVH  the  barred  plumage,  which  in  gallinaceous  birds  is 
commonly  the  attribute  of  the  hen,  has  been  transferred  to 
the  cock,  as  in  the  cuckoo  sub-breeds.  In  other  cases  mascu- 
line characters  have  been  partly  transfened  to  the  female,  as 
with  the  splendid  plumage  of  the  golden-spangled  Hamburg 
hen,  the  enlarged  comb  of  the  Spanish  hen,  the  pugnacious 
disposition  of  the  Game  hen,  and  as  in  the  well-developed 
spurs  which  occasionally  appear  in  the  hens  of  various  breeds. 
In  Tolish  fowls  both  sexes  are  ornamented  with  a  t^pknot» 
that  of  tli(»  male  being  formed  of  hackle-like  feathers,  and 
this  is  a  new  male  character  in  the  genus,  Gallus.     On   the 
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whole,  as  far  as  I  can  juJge,  new  characters  ai*o  more  apt 
to  appear  in  the  males  of  our  domesticated  animals  than  in 
the  females,^'  and  afterwards  to  be  inherited  exclusively  or 
more  strongly  by  the  males.  Finally,  in  accordance  with 
the  principle  of  inheritance  as  limited  by  sex,  the  preserva- 
tion and  augmentation  of  secondary  sexual  characters  in 
natural  species  offers  no  especial  difl&culty,  as  this  would 
follow  through  that  form  of  selection  which  I  have  called 
sexual  selection. 

Inheritance  at  correspanding  periods  of  Life, 

This  is  an  important  subject.  Since  the  publication  of  my 
^  Origin  of  Species,*  I  have  seen  no  reason  to  doubt  the  tnith 
of  the  explanation  there  given  of  one  of  the  most  remarkable 
facts  in  biology,  namely,  the  diflference  between  the  embryo 
and  the  adult  animal.  The  explanation  is,  that  variations 
do  not  necessarily  or  generally  occur  at  a  very  early  period 
of  embryonic  growth,  and  that  such  variations  are  inherited 
at  a  corresponding  age.  As  a  consequence  of  this  the  embryo, 
even  after  the  parent- form  has  undergone  great  modification, 
is  left  only  slightly  modified ;  and  the  embryos  of  widely- 
different  animals  which  are  descended  from  a  common  pro- 
genitor remain  in  many  important  respects  like  one  another 
and  probably  like  their  common  progenitor.  We  can  thus 
understand  why  embryology  throws  a  flood  of  light  on  the 
natural  system  of  classification,  as  this  ought  to  be  as  far  as 
|K>s8ible  genealogical.  When  the  embryo  leads  an  indc- 
l>endent  life,  that  is,  becomes  a  larva,  it  has  to  be  adapted 
to  the  surrounding  conditions  in  its  structure  and  instincts, 
independently  of  those  of  its  parents;  and  the  principle 
of  inheritance  at  corresponding  periods  of  life  renders  this 
possible. 

This  principle  is,  indeed,  in  one  way  so  obvious  that  it 
escapes  attention.  We  possess  a  number  of  races  of  animals 
and  plants,  which,  when  compared  with  one  another  and  with 

••  I  haTefl;ivco  in  my  *  Descent  of       usually  more  variable  than    the   fe- 
Man'  (2nd  «dit.   p.  .2'i3)  sufficient       males. 
eviJeDce    that     male    animals     are 
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in  life,  yet  are  inherited  at  the  same  period  at  which  they 
first  appeared. 

In  the  Lamhert  family  the  porciipine-like  excrescences  appeared 
in  the  father  and  sons  at  the  same  age,  namely,  ahont  nine  weeks 
after  bii*th.^  In  the  extraordinary  hairy  family  described  by  Mr. 
Crawfurd,'*  children  were  produced  during  three  generations  with 
hairy  ears ;  in  the  father  the  hair  began  to  grow  over  his  body  at 
six  years  old;  in  his  daughter  somewhat  earlier,  namely,  at  one 
year ;  and  in  both  generations  the  milk  teeth  appeared  late  in  life, 
the  permanent  teeth  being  afterwards  singularly  deficient  Grey- 
ness  of  hair  at  an  unusually  early  age  has  been  transmitted  in  some 
families.  These  cases  border  on  diseases  inherited  at  corresponding 
periods  of  life,  to  which  I  shall  immediately  refer. 

It  is  a  well-known  peculiarity  with  almond-tumbler  pigeons,  that 
the  full  beauty  and  peculiar  character  of  the  plumage  does  not 
appear  until  the  bird  has  moulted  two  or  three  times.  Neumeistcr 
describes  and  figures  a  brace  of  pigeons  in  which  the  whole  body  is 
white  except  the  breast,  neck,  and  head ;  but  in  their  first  plumage 
all  the  white  feathers  have  coloured  edges.  Another  breed  is  more 
remarkable :  its  first  plumage  is  black,  with  rusty-red  wing-bars 
and  a  crescent-shaped  mark  on  the  breast;  those  marks  then 
Iwconie  white,  and  remain  so  during  three  or  four  moults;  but  after 
this  period  the  white  spreads  over  the  body,  and  the  bird  loses  its 
Ideality.**  Prize  canary-birds  have  their  wings  and  tail  black: 
"  this  colour,  however,  is  only  retained  until  the  first  moult,  so  that 
they  must  be  exhibited  ere  the  change  takes  place.  Once 
moulted,  the  peculiarity  has  ceased.  Of  course  all  the  birds 
emanating  from  this  stock  have  black  wings  and  tails  the  first 
year."^  A  curious  and  somewhat  analogous  account  has  been 
given  **  of  a  family  of  wild  pied  rooks  which  were  first  observed  in 
1798,  near  Chalfont,  and  wliich  every  year  from  that  date  up  to  the 
I>eriod  of  the  published  notice,  viz.,  1837,  "  have  several  of  their 
**  brood  particoloured,  black  and  white.  This  variegation  of  the 
"  plumage,  however,  disappears  with  the  first  moult ;  but  among 
"  the  next  young  families  there  are  always  a  few  pied  ones." 
These  changes  of  plumage,  wliich  are  inherited  at  various  corre- 
sponding periods  of  life  in  the  pigeon,  canary-bird,  and  rook,  are 
remarkable,  because  the  parent-species  passes  through  no  such 
change. 
Inherited  diseases  afford  evidence  in  some  respects  of  less  value 
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»•  Prichard,  *  Fhys.  Hist,  of  Man-  «  *  Das   Ganze    dor  Taubenzurht,' 

kin-l,*  1851,  vol.  i.  p.  349.  1837,  8.  24,  tab.  iv.,  fig.  2  ;  s.  21,  tab 

*'  *  Embassy  to  tho  Court  of  Ava,'  ••»  ^S-^* 

vol.  i.  p.  320.      The  third  generation  "  Kidd's  'Trcitise  on  the  Canary,' 

is   described   hy   Capt.    YuIc   in    his  p.  18. 

*  Narrative    of    the    Mission    to   the  '*  Charles  worth,    *  Mag.   of    Nat. 

C<»urt  of  Ava,'  1855,  p.  91.  Hi^t.,'  vol.  i.  1837,  \\  167. 
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than  tho  foregoing  cases,  because  diseases  are  not  necessarily  con- 
nected with  any  change  in  structure ;  but  in  other  respects  of  more 
value,  because  tho  periods  have  been  more  carefmly  observed. 
Certain  diseases  are  communicated  to  the  child  apparently  by 
a  process  like  inoculation,  and  the  child  is  from  the  first  affected ; 
such  cases  may  be  hero  passed  over.  Large  classes  of  diseases 
usually  appear  at  certain  ages,  such  as  St.  Vitus's  dance  in  youth, 
consumption  in  early  mid-life,  gout  later,  and  apoplexy  still  later ; 
and  those  are  naturally  inherited  at  the  same  period.  But  even  in 
diseases  of  this  class,  instances  have  been  recorded,  as  with  St. 
Vitus's  dance,  showing  that  an  unusually  early  or  late  tendency  to 
the  disease  is  inheritable.'^  In  most  cases  the  appearance  of  any 
inherited  disease  is  largely  determined  by  certain  critical  periods 
in  each  person's  life,  as  w^ell  as  by  unfavourable  conditions.  There 
are  many  other  diseases,  which  ore  not  attached  to  any  particular 
period,  but  which  certainly  tend  to  appear  in  the  cliild  at  about 
the  same  age  at  which  the  parent  was  first  attacked.  An  array  of 
high  authorities,  ancient  and  mo^lern,  could  be  given  in  support  of 
this  proposition.  The  illustrious  Hunter  believed  in  it;  andPiorry** 
cautions  tho  ))hysician  to  look  closely  to  the  child  at  the  period 
when  any  grave  inheritable  disease  attacked  the  parent.  Dr. 
ProsjKjr  Lucas,^^  after  collecting  facts  from  every  source,  asserts 
that  affections  of  all  kinds,  though  not  related  to  any  particular 
period  of  life,  tend  to  reappear  in  the  offspring  at  whatever  period 
of  life  they  first  appeared  in  the  progenitor. 

As  the  subject  is  important,  it  may  be  well  to  give  a  few 
instances,  simply  as  illustrations,  not  as  proof;  for  proof,  recourse 
must  be  had  to  the  authorities  above  quoted.  Some  of  the 
following  cases  have  been  selected  for  the  sake  of  showing  that,  when 
a  slight  departure  from  the  rule  occurs,  tho  child  is  affected  some- 
what earlier  in  life  than  the  parent.  In  the  family  of  Le  Compte 
blindness  was  inherited  through  three  generations,  and  no  less 
than  twenty-seven  children  and  grandchildren  were  all  i^ected  at 
al>out  tho  same  age;  their  blindness  in  general  began  to  advance 
about  the  fifteenth  or  sixteenth  year,  and  ended  in  total  deprivation 
of  sight  at  the  age  of  al)out  twenty-two.*^  In  another  case  a  father 
and  liis  four  children  all  became  blind  at  twenty-one  years  old;  in 
another,  a  grandmother  grew  blind  at  thirty-five,  her  daughter  at 
nineteen,  and  three  grandchildren  at  the  ages  of  thirteen  and  eleven.** 


'*  Dr.  Prosper  Lucas,  *  Here  J.  Nat.,' 
t<»m.  ii.  p.  71.J. 

**  *L'HtTed.  dans  les  Maladies,' 
1840,  ]).  i;>5.  For  Hunter,  see  Har- 
lan's *  iM«?d.  Kescarches,*  p.  b'M). 

»'  » L'Hcrt'd.  Nat.,'  toin.  ii.  p.  8:>0. 

"  8e<lg\vick,  *  Brit,  and  For.  Mo  1.- 
(.'hirurp.  Keview,'  Aj)nl,  18G1,  ]>.  4X3. 
In     s.unu    accounts    tho    number   of 


children  and  grandchildren  Is  givea 
as  37 ;  but  this  seems  to  be  an  error 
judginjj  from  the  papor  first  published 
in  the  *  lialtimorc  Med,  and  Phv». 
Kog.'  1809,  of  which  Mr.  Sedgwi'ck 
has  beon  so  kind  as  to  send  me  a  copy. 
"  Prosper  Lucas,  *Hered.  Naf.* 
t'lin.  i.  p.  400. 
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So  with  deafness,  two  brothers,  their  father  and  paternal  grand- 
father, all  became  deaf  at  the  age  of  forty.*® 

Esquirol  gives  several  striking  instances  of  insanity  coming  on 
at  the  same  age,  as  that  of  a  grandfather,  father,  and  son,  who  all 
committed  suicide  near  their  fiftieth  year.  Many  other  cases  conld 
be  given,  as  of  a  whole  fiemiily  who  became  insane  at  the  ago  of  forty." 
Other  cerebral  affections  sometimes  follow  the  same  rule, — for 
instance,  epilepsy  and  apoplexy.  A  woman  died  of  the  latter 
disease  when  sixty-three  years  old ;  one  of  hor  daughters  at  forty- 
three,  and  the  other  at  sixty-seven :  the  latter  had  twelve  children, 
who  all  died  from  tubercular  meningitis.**  I  mention  this  latter 
case  because  it  illustrates  a  frequent  occurrence,  namely,  a  change 
in  the  precise  nature  of  an  inherited  disease,  though  still  affecting 
the  same  organ. 

Asthma  has  attacked  several  members  of  the  same  family  when 
forty  years  old,  and  other  families  during  infancy.  The  most 
different  diseases,  such  as  angina  pectoris,  stone  in  the  bladder,  and 
various  affections  of  the  skin,  have  appeared  in  successive  genera- 
tions at  nearly  the  same  age.  The  little  finger  of  a  man  began  from 
some  unknown  cause  to  grow  inwards,  and  the  same  finger  in  his 
two  sons  began  at  the  same  age  to  bend  inwards  in  a  similar 
manner.  Strange  and  inexplicable  neuralgic  affections  have  caused 
parents  and  children  to  suffer  agonies  at  about  the  same  period 
of  Ufo." 

I  will  give  only  two  other  cases,  which  are  interesting  as 
illustrating  the  disappearance  as  well  as  the  appearance  of  disease 
at  the  same  age.  Two  brothers,  their  father,  their  paternal  uncles, 
seven  cousins,  and  their  paternal  grandfather,  were  all  similarly 
affected  by  a  skin-disease,  called  pityriasis  versicolor ;  "  the  disease, 
strictly  limited  to  the  males  of  the  family  (though  transmitted 
through  the  females),  usually  appeared  at  puberty,  and  dis- 
appeared at  about  the  age  of  forty  or  forty-five  years."  The  second 
case  is  that  of  four  brothers,  who  when  about  twelvq  years  old 
suffered  almost  every  week  from  severe  headaches,  which  were 
relieved  only  by  a  recumbent  position  in  a  dark  room.  Their 
father,  paternal  uncles,  paternal  grandfather,  and  granduncles  all 
suffered  in  the  same  way  from  headaches,  which  ceased  at  the  ago 
of  fifly-four  or  fifty-five  in  all  those  who  lived  so  long.  None  of 
the  females  of  the  fomily  were  affected.** 

It  is  impossible  to  read  the  foregoing  accounts,  and  the 
many  others  which  have  been  recorded,  of  diseases  coming 

*•  Sedgwick,  ibid.,  July,  1861,   p.  1863,  p.  449,  and  July.  1863,  p.  162, 

202.  l>r.  J.  Steinan,  *  i-Usay  on  Hereditary 

*»  Piorry,  p.  109 ;    Prosper  Lucas,  Disease,*  1843,  pp.  27,  34. 

torn.  ii.  p.  759.  **  These    cases  are  given   by  Mr. 

**  Prosper  Lucas,  torn.  ii.  p.  748.  Sedgwick,  on  the  authority  of  Dr.  H. 

«'  Prosper  Lucas,  torn.  iii.  pp.  678,  Stewart,  in  *  Med.-Chirurg.  Review,' 

700,    702  ;    Sedgwick,    ibid.,  April,  April,  1863,  pp.  449,  477. 
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on  during  three  or  even  more  generations  in  several  members 
of  the  same  family  at  the  same  age,  especially  in  the  case  of 
rare  affections  in  which  the  coincidence  cannot  be  attributed 
to  chance,  and  to  doubt  that  there  is  a  strong  tendency  to  in- 
heritance in  disease  at  corresponding  periods  of  life.  When 
the  rule  fails,  the  disease  is  apt  to  come  on  earlier  in  the  child 
than  in  the  parent;  the  exceptions  in  the  other  direotion 
being  very  much  rarer.  Dr.  Lucas  **  alludes  to  several  cases 
of  inherited  diseases  coming  on  at  an  earlier  period.  I  have 
already  given  one  striking  instance  with  blindness  during 
three  generations ;  and  Mr.  Bowman  remarks  that  this  fre- 
quently occurs  with  cataract.  With  cancer  there  seems  to  bo 
a  peculiar  liability  to  earlier  inheritance :  Sir  J.  Paget,  who 
has  particularly  attended  to  this  subject,  and  tabulated  a  large 
number  of  cases,  informs  me  that  he  believes  that  in  nine 
cases  out  of  ten  the  later  generation  suffers  from  the  disease 
at  an  earlier  period  than  the  previous  generation.  He  adds, 
**  lu  the  instances  in  which  the  opposite  relation  holds,  and 
the  members  of  later  generations  have  cancer  at  a  later  age 
than  their  predecessors,  I  think  it  will  be  found  that  the 
non-cancerous  parents  have  lived  to  extreme  old  ages."  So 
that  the  longevity  of  a  non-affected  parent  seems  to  have  the 
j)ower  of  influencing  the  fatal  period  in  the  offiipring ;  and 
we  thus  apparently  get  another  element  of  complexity  in 
inheritance. 

The  facts,  showing  that  with  certain  diseases  the  period  of 
inheritance  occasionally  or  even  frequently  advances,  aro 
important  with  respect  to  the  general  descent- theory,  for  they 
render  it  probable  that  the  same  thing  would  occur  with 
ordinary  modifications  of  structure.  The  final  result  of  a 
long  series  of  such  advances  would  be  the  gradual  obliteration 
of  characters  proper  to  the  embryo  and  larva,  which  would 
thus  come  to  resemble  more  and  more  closely  the  mature 
parent-form.  But  any  structure  which  was  of  service  to  the 
embryo  or  larva  would  be  preserved  by  the  destruction  at 
this  stage  of  growth  of  each  individual  which  manifested 
any  tendency  to  lose  its  proper  character  at  too  early  an  ago. 

"  *  Hcrcd.  Nat  /  torn.  ii.  p.  852. 
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Finally,  from  tlic  numerous  races  of  cultivated  plants  and 
domestic  animals,  in  which  the  seeds  or  eggs,  the  young  or 
old,  differ  from  one  another  and  from  those  of  the  parent- 
8i)ecie8 ;— from  the  cases  in  which  new  characters  have  ap- 
peared at  a  particular  period,  and  afterwards  been  inherited 
at  the  same  period ; — and  from  what  we  know  with  respect 
to  disease,  we  must  believe  in  the  truth  of  the  great  principle 
of  inheritance  at  corresponding  periods  of  life. 

Summary  of  the  three  preceding  Chapters, — Strong  as  is  the 
force  of  inheritance,  it  allows  the  incessant  appearance  of  new 
characters.  These,  whether  beneficial  or  injurious, — of  the 
most  trifling  importance,  such  as  a  shade  of  colour  in  a  flower, 
a  coloured  lock  of  hair,  or  a  mere  gesture, — or  of  the  highest 
importance,  as  when  affecting  the  brain,  or  an  organ  so  perfect 
and  complex  as  the  eye, — or  of  so  grave  a  nature  as  to  deserve" 
to  bo  called  a  monstrosit}', — or  so  peculiar  as  not  to  occur 
normally  in  any  member  of  the  same  natural  class, —  are  often 
inherited  by  man,  by  the  lower  animals,  and  plants.  In 
numberless  cases  it  suffices  for  the  inheritance  of  a  pecu- 
liarity that  one  parent  alone  should  be  thus  characterised. 
Inequalities  in  the  two  sides  of  the  body,  though  opposed  to 
the  law  of  symmetry,  may  be  transmitted.  I'here  is  ample 
evidence  that  the  effects  of  mutilations  and  of  accidents,  es- 
pecially or  perhaps  exclusively  when  followed  by  disease,  are 
occasionally  inherited.  There  can  be  no  doubt  that  the  evil 
effects  of  the  long-continued  exposure  of  the  parent  to  in- 
jurious conditions  are  sometimes  transmitted  to  the  ofiGspring. 
So  it  is,  as  wo  shall  see  in  a  future  chapter,  with  the  effects 
of  the  use  and  disuse  of  parts,  and  of  mental  habits.  Periodi- 
c£lI  habits  are  likewise  transmitted,  but  generally,  as  it  would 
appear,  with  little  force. 

Hence  we  are  led  to  look  at  inheritance  as  the  rule,  and 
non-inheritance  as  the  anomaly.  But  this  power  often  ap- 
pears to  us  in  our  ignorance  to  act  capriciously,  transmitting 
a  character  with  inexplicable  strength  or  feebleness.  The 
very  same  peculiarity,  as  the  weeping  habit  of  trees,  silky 
feathers,  d'c,  may  be  inherited  either  firmly  or  not  at  all  by 
different  members  of  the  same  group,  and  even  by  different 
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individuals  of  the  same  species,  though  treated  in  the  samo 
manner.  In  this  latter  case  we  see  that  the  power  of  trans- 
mission is  a  quality  which  is  merely  individual  in  its  attach- 
ment. As  with  single  characters,  so  it  is  with  the  several 
concurrent  slight  differences  which  distinguish  sub-varieties 
or  races ;  for  of  these,  some  can  be  propagated  almost  as  truly 
as.  species,  whilst  others  cannot  bo  relied  on.  The  same  rule 
holds  good  with  plants,  when  propagated  by  bulbs,  offsets, 
Jcc,  which  in  one  sense  still  form  parts  of  the  same  individual, 
for  some  varieties  retain  or  inherit  through  sucoessive  bnd- 
gcnerations  their  character  far  more  truly  than  others. 

Some  characters  not  proper  to  the  parent-species  have  C(.t- 
tainly  been  inherited  from  an  extremely  remote  epoch,  and 
may  therefore  be  considered  as  firmly  fixed.  But  it  is  doubt- 
ful whether  length  of  inheritance  in  it-self  gives  fixedness  of 
character ;  though  the  chances  are  obviously  in  favour  of  &uy 
character  which  has  long  been  transmitted  true  or  unaltered 
still  being  transmitted  true  as  long  as  the  conditions  of  life 
i*emain  the  samo.  AVe  know  that  many  species,  after  having 
retained  the  samo  character  for  countless  ages,  whilst  living 
under  their  natural  conditions,  when  domesticated  have  varied 
in  the  most  diversified  manner,  that  is,  have  failed  to  transmit 
their  original  form ;  so  that  no  character  appears  to  be 
absolutely  fixed.  We  can  sometimes  account  for  the  failure 
of  inheritance  by  the  conditions  of  life  being  opposed  to  the 
development  of  certain  characters ;  and  still  oftener,  as  with 
plants  cultivated  by  grafts  and  buds,  by  the  conditions 
causing  new  and  slight  modifications  incessantly  to  appear. 
In  this  latter  case  it  is  not  that  inheritance  wholly  fails,  but 
that  new  characters  are  continually  superadded.  In  Bome 
few  cases,  in  which  both  parents  are  similarly  characterised, 
inheritance  seems  to  gaiu  so  much  force  by  the  combined 
action  of  the  two  parents,  that  it  counteracts  its  own  power, 
and  a  new  modification  is  the  result. 

In  many  cases  the  failure  of  the  parents  to  transmit  their 
likeness  is  due  to  the  breed  having  been  at  some  former  period 
crossed;  and  the  child  takes  after  his  grandparent  or  more 
remote  ancestor  of  foreign  blood.  In  other  cases,  in  which 
the  breed  has  not  been  crossed,  but  some  ancient  character 
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lias  been  lost  through  variation,  it  occasionally  reappears 
through  reversion,  so  that  the  parents  apparently  fail  to 
transmit  their  own  likeness.  In  all  cases,  however,  we  may 
hafely  conclude  that  the  child  inherits  all  its  characters  from 
its  parents,  in  whom  certain  characters  are  latent,  like  the 
secondary  sexual  characters  of  one  sex  in  the  other.  "When, 
after  a  long  succession  of  bud-generations,  a  flower  or  fruit 
becomes  separated  into  distinct  segments,  having  the  colours 
or  other  attributes  of  both  parent-forms,  we  cannot  doubt 
that  these  characters  were  latent  in  the  earlier  buds,  though 
they  could  not  then  be  detected,  or  could  be  detected  only  in 
an  intimately  commingled  state.  So  it  is  with  animals  of 
crossed  parentage,  which  with  advancing  years  occasionally 
exhibit  characters  derived  from  one  of  their  two  parents,  of 
which  not  a  trace  could  at  first  be  perceived.  Certain  mon- 
strosities, which  resemble  what  naturalists  call  the  typical 
form  of  the  group  in  question,  apparently  come  under  the 
same  law  of  reversion.  It  is  assuredly  an  astonishing  fact 
that  the  male  and  female  sexual  elements,  that  buds,  and 
even  full-grown  animals,  should  retain  characters,  during 
several  generations  in  the  case  of  crossed  breeds,  and  during 
thousands  of  generations  in  the  case  of  pure  breeds,  written 
as  it  were  in  invisible  ink,  yet  ready  at  any  time  to  be  evolved 
under  certain  conditions. 

What  these  conditions  precisely  are,  we  do  not  know. 
But  any  cause  which  disturbs  the  organisation  or  constitu- 
tion seems  to  be  sufficient.  A  cross  certainly  gives  a  strong 
tendency  to  the  reappearance  of  long-lost  characters,  both 
corporeal  and  mental.  In  the  case  of  plants,  this  tendency 
is  much  stronger  with  those  species  which  have  been  crossed 
after  long  cultivation  and  which  therefore  have  had  their 
constitutions  disturbed  by  this  cause  as  well  as  by  crossing. 
than  with  species  which  have  always  lived  under  their  natural 
conditions  and  have  then  been  crossed.  A  return,  also,  of 
domesticated  animals  and  cultivated  plants  to  a  wild  state 
favours  reversion  ;  but  the  tendency  under  these  circumstances 
has  been  much  exaggerated. 

"When  individuals  of  the  same  family  which  differ  some- 
what, and  when  races  or  species  are  crossed,  the  one  is  often 
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prepotent  over  the  other  in  transmitting  its  chai-acter.  A 
race  may  possess  a  strong  power  of  inheritance,  and  yet  when 
crossed,  as  we  have  seen  with  trumpeter-pigeons,  yield  to  the 
prepotency  of  every  other  race.  Prepotency  of  transmission 
may  be  equal  in  the  two  sexes  of  the  same  species,  but  often 
runs  more  strongly  in  one  sex.  It  plays  an  important  part 
in  determining  the  rate  at  which  one  race  can  be  modified  or 
wholly  absorbed  by  repeated  crosses  with  another.  We  can 
seldom  tell  what  make^  one  race  or  species  prepotent  over 
another ;  but  it  sometimes  depends  on  the  same  character 
being  present  and  visible  in  one  parent,  and  latent  or  poten- 
tially present  in  the  other. 

Characters  may  first  appear  in  either  sex,  but  oftcner  in 
the  male  than  in  the  female,  and  afterwards  be  transmitted 
to  the  offspring  of  the  same  sex.  In  this  case  we  may  feel 
confident  that  the  peculiarity  in  question  is  really  present 
though  latent  in  the  opposite  sex!  hence  the  father  may 
transmit  through  his  daughter  any  character  to  his  grandson  ; 
and  the  mother  conversely  to  her  granddaughter.  We  thus 
learn,  and  the  fact  is  an  important  one,  that  transmission  and 
development  are  distinct  powers.  Occasionally  these  two 
powers  seem  to  be  antagonistic,  or  incapable  of  combination 
in  the  same  individual ;  for  several  ca^es  have  been  recorded 
in  which  the  son  has  not  directly  inherited  a  character  from 
his  father,  or  directly  transmitted  it  to  his  son,  but  has 
received  it  by  transmission  through  his  non-affected  mother, 
and  transmitted  it  through  his  non-affected  daughter.  Owing 
to  inheritance  being  limited  by  sex,  wo  see  how  secondary 
sexual  characters  may  have  arisen  under  nature;  their 
preservation  and  acjumulation  being  dependent  on  their 
service  to  either  sex. 

At  whatever  period  of  life  a  new  character  first  appears,  it 
generally  remains  latent  in  the  offspring  until  a  corresponding 
age  is  attained,  and  then  is  developed.  When  this  rule  fails, 
the  child  generally  exhibits  the  character  at  an  earlier  period 
than  the  parent.  On  this  principle  of  inheritance  at  oorre- 
8|K>nding  periods,  wo  can  understand  how  it  is  that  most 
animals  display  from  the  germ  to  maturity  such  a  marvellous 
succession  of  characters. 
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Finally,  though  much  remains  obscure  with  respect  to  In- 
heritance, we  may  look  at  the  following  laws  as  fairly  well 
established.  Firstly,  a  tendency  in  every  character,  new  and 
old,  to  be  transmitted  by  seminal  and  bud  generation,  though 
often  counteracted  by  various  known  and  unknown  causes. 
Secondly,  reversion  or  atavism,  which  depends  on  transmis- 
sion and  development  being  distinct  powers :  it  acts  in 
various  degrees  and  manners  through  both  seminal  and  bud 
generation.  Thirdly,  prepotency  of  transmission,  which 
may  be  confined  to  one  sex,  or  be  common  to  both  sexes. 
Fourthly,  transmission,  as  limited  by  sex,  generally  to  the 
same  sex  in  which  the  inherited  character  first  appeared; 
and  this  in  many,  probably  most  cases,  depends  on  the 
new  character  having  first  appeared  at  a  rather  late  period 
of  life.  Fifthly,  inheritance  at  corresponding  periods  of  life, 
with  some  tendency  to  the  earlier  development  of  the 
inherited  character.  In  these  laws  of  Inheritance,  as  dis- 
played under  domestication,  we  see  an  ample  provision  for 
the  production,  through  variability  and  natural  selection,  of 
new  spocifio  forms. 
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CHAPTER  XV. 

ox   CROSSING. 

PB£E  INTKUCRO^^INC.  OULITEBATES  T11E  PirFERENCES  ItETWEEN  ALLIED 
BREEDS  — >^  HEN  THE  NUMBERS  OP  TWO  OOMMINGLINO  BREEDS  ABE 
VNEQUAL,  ONE  ABSORBS  THE  OTHEB — TUB  RATE  OF  ABSOBTTION  PETER- 
MINED  BY  I'BEI'OTENCY  OF  TRANSMISSION,  BY  TTIE  CONDITIONS  OF  LIFE, 
AND  BY  NATURAL  SELFXTTION — ALL  ORGANIC  BEINGS  OCCASIONALLY  INTER- 
CBOSS;  APPARENT  EXCEPTIONS — ON  CERTAIN  CHARACTERS  INCAPABIJE  OF 
FUSION;  CHIEFLY  OR  EXCLUSITELY  THOSE  WHICH  HATE  SUDDENLY 
APPEARED  IN  THE  INDIVIDUAL — ON  THE  MODIFICATION  OF  OLD  RACES,  AND 
THE  FORMATION  OF  NEW  RACES,  BY  CROSSING — SOME  CROSSED  RACES 
HAVE  BRED  TRUE  FROM  THEIR  FIRST  PRODUCTION — ON  THE  CROSSING  OF 
DISTINCT  SrECIEH  IN  RELATION  TO  THE  FORMATION  OF  DOMESTIC 
RACES. 

In  tlio  two  previous  chapters,  when  discussing  reversion  and 
])ropotcncy,  I  was  necessarily  led  to  give  many  facts  on 
crossing.  In  tlio  present  chapter  I  shall  consider  the  part 
which  crossing  plays  in  two  opposed  directions, — firstly,  in 
obliterating  characters,  and  consequently  in  preventing  the 
formation  of  now  races ;  and  secondly,  in  the  modification  of 
old  races,  or  in  the  formation  of  new  and  intermediate  races, 
by  a  combination  of  characters.  I  shall  also  show  that  certain 
characters  are  incapable  of  fusion. 

The  effects  of  free  or  uncontrolled  breeding  between  the 
members  of  the  same  variety  or  of  closely  allied  varieties  are 
important ;  but  are  so  obvious  that  they  need  not  bo  dis- 
cussed at  much  length.  It  is  free  intercrossing  which  chiefly 
gives  uniformity,  both  under  nature  and  under  domestication, 
to  the  individuals  of  the  same  species  or  variety,  when  they 
live  mingled  together  and  are  not  exposed  to  any  cause 
inducing  excessive  variability.  The  prevention  of  free  cross- 
ing, and  the  intentional  matching  of  individual  animals,  are 
the  corner-stones  of  the  breeder's  art.  No  man  in  his  senses 
would  expect  to  improve  or  modify  a  bree<l  in  any  particular 
manner,  or  keep  an  old  breed  true  and  distinct,  unless  he 
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separated  his  animals.  The  killing  of  inferior  animals  in 
each  generation  comes  to  the  same  thing  as  their  separation. 
In  savage  and  semi-oivilised  conntries,  where  the  inhabitants 
have  not  the  means  of  separating  their  animals,  more  than 
a  single  breed  of  the  same  species  rarely  or  ne^'er  exists.  In 
former  times,  even  in  the  United  states,  there  were  no  distinct 
races  of  sheep,  for  all  had  been  mingled  together.^  The  cele- 
brated agriculturist  Marshall  '^  remarks  that  '*  sheep  that 
"  are  kept  within  fences,  as  well  as  shepherded  flocks  in  open 
"  countries,  have  generally  a  similarity,  if  not  a  uniformity, 
**of  character  in  the  individuals  of  each  flock;"  for  they 
breed  freely  together,  and  are  prevented  from  crossing  with 
other  kinds;  whereas  in  the  unenclosed  parts  of  England 
the  unshephcrded  sheep,  even  of  the  same  flock,  are  far  from 
true  or  uniform,  owing  to  various  breeds  having  mingled 
and  crossed.  We  have  seen  that  the  half-wild  cattle  in 
each  of  the  several  British  parks  are  nearly  uniform  in  cha- 
racter ;  but  in  the  different  parks,  from  not  having  mingled 
and  crossed  during  many  generations,  they  differ  to  a 
certain  small  extent. 

We  cannot  doubt  that  the  extraordinary  number  of  varieties 
and  sub-varieties  of  the  pigeon,  amounting  to  at  least  one 
hundred  and  fifty,  is  partly  due  to  their  remaining,  dif- 
ferently from  other  domesticated  birds,  paired  for  life  once 
matched.  On  the  other  hand,  breeds  of  cats  imported  into  . 
this  country  soon  disappear,  for  their  nocturnal  and  rambling 
habits  render  it  hardly  possible  to  prevent  free  crossing. 
Rengger  ^  gives  an  interesting  case  with  respect  to  the  cat 
in  Paraguay :  in  all  the  distant  parts  of  the  kingdom  it  has 
assumed,  apparently  from  the  effects  of  the  climate,  a  peculiar 
character,  but  near  the  capital  this  change  has  been  pre- 
vented, owing,  as  he  asserts,  to  the  native  animal  frequently 
crossing  with  cats  imported  from  Europe.  In  all  cases  iiko 
the  foregoing,  the  effects  of  ah  occasional  cross  will  be  aug- 
mented by  the  increased  vigour  and  fertility  of  the  crossed 
offspring,  of  which  fact  evidence  will  hereafter  bo  given ;  for 

^  'CommuDications  to  the  Board  of      EnglaDd,'  1808,  p.  200. 
Agriculture,*  vol.  i.  p.  367.  *  *  Saugethiere     von     Paraguay. 

*  *  R^Tiew  of  ReporU,   Korth    of      1830,  t.  212. 
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"-lift  "n j**L  "»i  in*  TiiTng^^g   iii      iihiil  thtw- 

'^itiSL  rittzmrr:  "nr-i-if  u?*  lUipv^  "d  3tik  f^ecr.  tte  icndt 
r^7  i^^  i^  fniiL  Tn.-Trm.  kul  2sl  3ii  liiiiiifBr  i«  «tfrta»wl  to 

Tn  r^lilIKiL  — :i;tJlri^.  HO.  "Zlii  T'tiiWr-™^  -tt»»m  >tw-^  rrTai*  i3idlTidBftli 

"i^g-.fir^.  r  *:  "^  TV-;    :r  3ii:r»  r-SL:e»  ^riaii  «z*  wSksm^  to 
nJz-ziJ*^  .   .*-_  -Ik  -rt':».«:-siirr  ;c   nn*  rfc:«  r^^ar  lait  <:4aer  in  the 


trkz-«rJ:«:i.»L   :•:   iiiirb:THi: .   knii  ni  'Utt  xm^^^kjos  ^  life  to 

« 

r.«L^  ^r.^^W-r  ffcTirirri  iz.  ill  rescecos.  *»  aiic^i  bare  been 
*ipwrr^  TLe  filliTiz^  :-aI:7i1at:-:(l^  *b:w5  t-aat  this  is  the 
CMii?r ;  if  4  xl.iiT  Trf-rl  kn  .=»i-Lil  i.izit«Kr  c:  t^ack  and  white" 
men  w*^T%  f:-:ii-eiL  i*  i  -""c  4jaF:=>f  tJiAi  zhrx^  murx  indis- 
ctinAukteW.  are  €ciillT  mlif:?,  *r-i  z'l^i  c-ne  in  thirtr 
annual] r  dies  ai^d  i»  hin, :  li-rw  -  ii.  -^o  veirs  the  number  of 
"  blaclu.  wLiies.  and  ii.iLir:.:«cs  -ar.-ili  te  €qa\l.  In  91  Tears 
"  the  whiles  w-*:!-!  c«r  I-I ■:•:&.  tie  t-laoks  l-l»>th,  and  the 
"  mabittoo«.  or  pe«>ple  of  iiiterr:i€diaie  deewee  of  colonr, 
**  ei-lOthji  of  the  whole  maaber.  In  three  centnries  not 
•*  1-1 00th  part  of  the  whites  would  exist." 

When  one  of  two  mingleii  races  exceed  the  other  greatly 
in  rmmljer,  the  latter  will  soon  be  whollv.  or  almost  whoDy, 
abfK^rbed  and  lo«t.*  Thus  European  pigs  and  dogs  have  been 
largely  introduced  in  the  islands  of  the  Pacific  Ocean,  and 
the  native  races  have  been  absorbed  and  lost  in  the  oonrae  of 
alKjiit  fifty  or  sixty  years  ; "  bnt  the  imported  races  no  donbt 
were  favoured!.  Rats  may  be  considered  as  semi-domesticated 
aniihals.  Some  snake-rats  (^Mus  alexandrinus)  escaped  in  the 
Z^x>higifjal  Gardens  of  London,  "  and  for  a  long  time  after- 

*  H'-ngg'-r,   *  Sttugethier**/    &c.,  n.  maines/  p.  24,  first  called  atUotion 
IM.  to  this  subject,  and  ably  disciused  it. 

*  Whito,   «  Regular   Orailation    in  '  Rev.  D.  Tyennan  and    Bennett, 
Mnn/  p.  140.  *  Journal  of  Vovages,'  1821-1829,  vol. 

*  Dr.  W.  K.  Edwardu,  in  his  'Ca-  i.  p.  300. 
ract^re*    Phjrsiolog.  dc5   Races  Hn- 
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"  wards  the  keepers  frequently  caught  cross-bred  rats,  at 
"  first  half-breds,  afterwards  with  less  of  the  character  of  the 
**  snake-rat,  till  at  length  all  traces  of  it  disappeared.®  On 
the  other  hand,  in  some  parts  of  London,  especially  near  the 
docks,  where  fresh  rats  are  frequently  imported,  an  endless 
variety  of  intermediate  forms  may  be  found  between  the 
brown,  black,  and  snake  rat,  which  are  all  three  usually 
ranked  as  distinct  species. 

How  many  generations  are  necessary  for  one  species  or  race 
to  absorb  another  by  repeated  crosses  has  often  been  dis- 
cussed ;  *  and  the  requisite  number  has  probably  been  much 
exaggerated.  Some  writers  have  maintained  that  a  dozen 
or  score,  or  even  more  generations,  are  necessary  ;  but  this  in 
itself  is  improbable,  for  in  the  tenth  generation  there  would 
be  only  1 -1024th  part  of  foreign  blood  in  the  oifspring. 
Gartner  found,^°  that  with  plants,  one  species  could  be  made 
to  absorb  another  in  from  three  to  five  generations,  and  ho 
believes  that  this  could  always  be  effected  in  from  six  to 
seven  generations.  In  one  instance,  however,  Kolreuter^^ 
speaks  of  the  offspring  of  Mirahilis  vulgaris,  crossed  during 
eight  successive  generations  by  M.  longiflora,  as  resembling 
this  latter  species  so  closely,  that  the  most  scrupulous 
observer  could  detect  "  vix  aliquam  notabilem  differentiam  ** 
or,  as  he  says,  he  succeeded,  *'  ad  plenariam  fere  transmuta- 
tionem.'*  But  this  expression  shows  that  the  act  of  absorp- 
tion was  not  even  then  absolutely  complete,  though  these 
crossed  plants  contained  only  the  1 -256th  part  of  M,  vulgaris. 
The  conclusions  of  such  accurate  observers  as  Giirtner  and 
Kolreuter  are  of  far  higher  worth  than  those  made  without 
scientific  aim  by  breeders.  The  most  precise  account  which 
I  have  met  with  is  given  by  Stonehenge,'*  and  is  illustrated 
by  photographs.  Mr.  Hanley  crossed  a  greyhound  bitch  with 
a  bulldog  ;  the  offspring  in  each  succeeding  generation  being 
recrossed  with  first-rate  greyhounds.    As  Stonehenge  remarks, 

•  Mr.  S.  J.  Salter,  *  Journal  Linn.  crosses.  Dr.  P.  Lucas,  '  L'H^redit^ 
Soc.,*  vol.  vi.,  18»J2,  p.  71.  Nat.,'  torn.  ii.  p.  308. 

•  Sturm,  '  Ueber  Racen,  &c.,'  1825,  >•  *  Bastarderzeugung,'  s.  463,  470. 
».  107.     Bronn,  *  Geschichte  der  Na-  '»*Nova  Acta  Petrop.,*  1794,  p. 
iur,'  b.  if.  s.  170,  gives  a  table  of  the  393  :  tee  also  previous  rolamc. 
proportions  of  blood  after  successive  **  '  The  Dog/  1867,  pp.  179-184. 
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ii  ^*:  nil     t   -Liri  ji*»x-^  3;raL   :i  'LXtt  rvldiap:  bat 
rfjFVOT'jt  ..^  £T-£r-rri-ii  ifuuTirajiir  jc  a  ihZia:^  ffttywed  no 

:c  "Lilt  «jiH^  ^iZtziT  ii  'v^r'-tr.  "T^tTs  ^  r^suLrkft^LX  ■aefcient  in 

rKf-4r»  •.:  *>-~"  ll  nrx:.i;£      Hj^stEu;*  v-i*  71K  t?  a  sen  of 
BeiltauT*  ^  ':t^  -^if  rttful-  re  "ni*  Ini  ir;**  »  »:c  ns:  yet,  I 

:iLb*r  "ml-iL  "ir.-jL  ^zii^r^  Tjtnsch  iii\m  '--  :i&f:m  JKvrcnistEnt 


t.tji. 


*•  trifi-aiei  *>.t7  ?•>.«*.  lir  rw^wirv:::-!  era*  fT.»>.  me 

G*mAn  ^'z.'bt-z  jr.iggei  tw^slt^  :izj»  i?i>--3ssK^T  vidi  Meiino 
dii  &:-:  rj  ailj  n-e-w.^^  i^:Ti:»e  ^>.  1  Ji;»  izsi  *s  dbki  of  the  pm* 
br«d-  Ki-  -jz.  kJL  cfcses.  Tbe  nre  ::  a':*?*:  rrsac-a  will  depend 
Urpfrlr   on   th-r    xc»^:::c«   :f  I.f-*  r«r:ri:  fkvoarable  10  anj 

be  a  consijkTt  i*ni-r:;?v  fc  iT;ctsL'erktt:ci  i=.  :£.t  w>x4  of  Merinos 
nnder  tLe  elinuT^-  cf  •.Trnz.^av.  TrzL^-e*  rrtreiiwd  or  euefvl 

«  »  « 

se'e.i  01.:  ini  :Lis  r^r:-A;*  iLit  tx^  iz.^  nrmArknbJe  OMe 
cav  c«  ext'lAir.t^t.  1  r.t:  .-Ate  oA  abn.'^i  ri-rci  musi  aifo  depend 
on  tLe  am  tie.:  of  ■.Msir.^rsiaCA^fv  di'^er^CvX  between  ibe  two 
fonns  wLicb  arv:  orvK»oi.  jn«i  c«f«ci^.T.  as  G^Lrtner  inaistft»on 
prepotency  of  ;rii:>ai:>s:vn  in  tne  oce  lona  over  the  otiwr. 
We  have  «een  in  ihe  l.s:  chapter  tL*t  one  oi  two  Frendi 
bretrd*  of  steep  vieMr^i  up  it*  chAraoter,  wbec  cnieecd  with 
Meiino^  verv  much  ir.on?  >Io-.viv  tLia  the  other:  and  the 
c  •mmou  Gtrrmau  »hei|>  referred  10  by  Fie'xlimann  may  be  in 
tbis  rcj>pect  anilog«>us^  In  all  ca£e>  the:e  will  be  moxeorlen 
liability  to  reversion  during  mai.y  sut«eqnent  generations, 
and  it  ;?<  this  fact  which  has  pror^biy  let.1  authors^  t^  maintaiu 
that  a  score  '.r  more  ^.-f  gtruerations  a:e  ns)Tusite  for  one  race 
to  absorb  another.  In  considering  the  tinal  leRolt  of  the 
commingling  of  two  or  more  breeds,  we  must  not  forget  that 

'*  Asqaotei    in   th«  «True  Phnciples  cf  Brv^dinf/  br  C.  H.  MackBifht 
xqA  Dr.  U.  MAd4eB.  1560.  i^  11. 
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the  act  of  crossing  in  itself  tends  to  bring  back  long*los4 
characters  not  proper  to  the  immediate  parent-forms. 

With  respect  to  the  influence  of  the  conditions  of  life  on 
any  two  breeds  which  are  allowed  to  cross  freely,  unless  both 
are  indigenous  and  have  long  been  accustomed  to  the  country 
where  they  live,  tliey  will,  in  all  probability,  be  unequally 
affected  by  the  conditions,  and  this  will  modify  the  result 
Even  with  indigenous  breeds,  it  will  rarely  or  never  occur 
that  both  are  equally  well  adapted  to  the  surrounding  cir- 
cumstances ;  more  especially  when  permitted  to  roam  freely, 
and  not  carefully  tended,  as  is  generally  the  case  with  breeds 
allowed  to  cross.  As  a  consequence  of  this,  natural  selection 
will  to  a  certain  extent  come  into  action,  and  the  best  fitted 
will  survive,  and  this  will  aid  in  determining  the  ultimate 
character  of  the  commingled  body. 

How  long  a  time  it  would  require  before  such  a  crossed  body 
of  animals  would  assume  a  uniform  character  within  a  limited 
area,  no  one  can  say ;  that  they  would  ultimately  become 
uniform  from  free  intercrossing,  and  from  the  survival  of  the 
fittest,  we  may  feel  assured  ;  but  the  characters  thus  acquired 
would  rarely  or  never,  as  may  be  inferred  from  the  previous 
considerations,  be  exactly  intermediate  between  those  of  the 
two  parent-breeds.  With  respect  to  the  very  slight  differences 
by  which  the  individuals  of  the  same  sub-variety,  or  even  of 
allied  varieties,  are  characterised,  it  is  obvious  that  free 
Grossing  would  soon  obliterate  such  small  distinctions.  The 
formation  of  new  varieties,  independently  of  selection,  would 
also  thus  be  prevented;  except  when  the  same  variation 
continually  recurred  from  the  action  of  some  strongly  pre- 
disposing cause.  We  may  therefore  conclude  that  free 
crossing  has  in  all  cases  played  an  important  part  in  giving 
uniformity  of  character  to  all  the  members  of  the  same 
domestic  race  and  of  the  same  natural  species,  though  largely 
governed  by  natural  selection  and  by  the  direct  action  of  the 
surrounding  conditions. 

On  the  posiibility  of  all  organic  brings  occasionally  intercrossing, 
— But  it  may  bo  asked,  can  free  crossing  occur  with  herma- 
phrodite animals  and  plants  ?  All  the  higher  animals,  and 
the  few  insects  which  have  been  domesticated,  have  separate 
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86X68,  and  must  inevitably  unite  for  each  birth.  With  respect 
to  the  crossing  of  hermaphrodites,  the  subject  is  too  large  for 
the  present  volume,  but  in  the  *  Origin  of  Species,*  I  have 
given  a  short  abstract  of  the  reasons  which  induce  me  to 
believe  that  all  organic  beings  occasionally  cross,  though 
perhaps  in  some  cases  only  at  long  intervals  of  time.**  I 
will  merely  recall  the  fact  that  many  plants,  though  herma- 
phrodite in  structure,  are  unisexual  in  function; — such  as 
those  called  by  C.  K.  Sprengel  dichogamousy  in  which  the 
pollen  and  stigma  of  the  same  flower  are  matured  at  different 
periods  ;  or  those  called  by  me  reciprocally  dimorphic^  in  which 
the  flower's  own  pollen  is  not  fitted  to  fertilise  its  own 
stigma ;  or  again,  the  many  kinds  in  which  curious  mechani- 
cal contrivances  exist,  eflfectually  preventing  self-fertilisation. 
There  are,  however,  many  hermaphrodite  plants  which  are  not 
in  any  way  specially  constructed  to  favour  intercrossing,  but 
which  nevertheless  commingle  almost  as  freely  as  animals 
with  separated  sexes.  This  is  the  case  with  cabbages, 
radishes,  and  onions,  as  I  know  from  having  experimented  on 
them  :  even  the  peai^ints  of  Liguria  say  that  cabbages  must 
be  prevented  **  from  falling  in  love  "  with  each  other.  In 
the  orange  tribe,  Gallesio**  remarks  that  the  amelioration  of 
the  various  kinds  is  checked  by  their  continual  and  almost 
regular  crossing.     So  it  is  with  numerous  other  plants. 

On  the  other  hand,  some  cultivated  plants  rarely  or  never 
intercross,  for  instance,  the  common  pea  and  sweet-pea 
(Lathyrus  odoraiua);  yet  their  flowers  are  certainly  adapted 
for  cross  fertilisation.  The  varieties  of  the  tomato  and 
aubergine  (^Solanum)  and  the  pimenta  (Pimenfa  vulgaris  f) 
an*  said  ^*  never  to  cross,  even  when  gi  owing  alongside  one 
another.  But  ir,  should  be  observed  that  these  are  all  exotic 
plants,  and  we  do  not  know  how  they  would  behave  in  their 
native   country  when  visited  by  the  proper  insects.     With 

"  With  respect  to  plants,  an  aJmir-  appenrcd  on  the  same  subject,  more 

able  cshay  on  this  subject  (Die  Gesch-  especially   by   Hermann    Miiller   and 

leohter-Vertheilunj^  b^-i  den  I'flanzen  :  l>elpinu. 

18G7)ha^  been  published  by  Dr.  Hil-  **  *  Teoria  della  Uiproduzione  Vege- 

debrand,    who    arrives    at   the    same  tal/  1816,  p.  12. 

general  conclu>ious  as  I  have  done.  *•  Verlot,  *  Des  Variet^s,*  1865,  p. 

Various   other   treatises    have    since  72. 
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respect  to  the  conunon  pea,  I  have  ascertained  that  it  is 
rarely  crossed  in  this  country  owing  to  prematui*e  fertilis- 
ation. There  exist,  however,  some  plants  which  under  their 
natural  conditions  appear  to  be  always  self-fertilised,  such  as 
the  Bee  Ophrys  (Ophrys  apifera)  and  a  few  other  Orchids ; 
yet  these  plants  exhibit  the  plainest  adaptations  for  cross- 
fertilisation.  Again,  some  few  plants  are  believed  to  produce 
only  closed  flowers,  called  cleistogene,  which  cannot  possibly 
be  crossed.  This  was  long  thought  to  be  the  case  with  the 
Leeraia  oryzoides,^"^  but  this  grass  is  now  known  occasionally 
to  produce  perfect  flowers,  which  set  seed. 

Although  some  plants,  both  indigenous  and  naturalised, 
rarely  or  never  produce  flowers,  or  if  they  flower  never 
produce  seeds,  yet  no  one  doubts  that  phanerogamic  plants 
are  adapted  to  produce  flowers,  and  the  flo  Wei's  to  produce 
seed.  When  they  fail,  we  believe  that  such  plaints  under 
different  conditions  would  perform  their  proper  function,  or 
that  they  formerly  did  so,  and  will  do  so  again.  On  analo- 
gous grounds,  I  believe  that  the  flowers  in  the  above  specified 
anomalous  cases  which  do  not  now  intercross,  either  would 
do  so  occasionally  under  different  conditions,  or  that  they 
formerly  did  so— -the  means  for  affecting  this  being  generally 
still  retained — and  Avill  again  intercross  at  some  future 
period,  unless  indeed  they  become  extinct.  On  this  view 
alone,  many  points  in  the  structure  and  action  of  the  repro- 
ductive organs  in  hermaphrodite  plants  and  animals  are  in- 
telligible,— for  instance,  the  fact  of  the  male  and  female  organs 
never  being  so  completely  enclosed  aB  to  render  access  ftom 
without  impossible.  Hence  we  may  conclude  that  the  most 
important  of  all  the  means  for  giving  uniformity  to  the  in- 
dividuals of  the 'same  species,  namely,  the  capacity  of  oc- 
casionally intercrossing,  is  present,  or  has  been  formerly 
present,  with  all  organic  beings,  except,  perhaps,  some  of 
the  lowest. 

On  certain  Characters  not  blending, — When  two  breeds  are  crossed 
their  characters  usually  become  intimately  fused  together;  but 

*'  Duval  Jouve,  *  Bull.  Soc  Bot.      setting  seed,  see  Dr.  Ascherson  in '  Bot. 
de  France,'  torn,   x.,   1863,  p.   194.       Zeitung,'  1864,  p.  350. 
With  respect  to  the  perfect  flowers 
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some  characters  refose  to  blend,  and  are  transmitted  in  an  un- 
modified state  either  from  both  parents  or  from  one.  When  grey 
and  white  mice  are  paired,  the  young  are  piebald,  or  pore  white  or 
grey,  bat  not  of  an  intermediate  tint;  so  it  is  when  white  and 
common  collared  turtle-doves  are  paired.  In  breeding  Game  fowlg, 
a  great  authority,  Mr.  J.  Douglas,  remarks,  "  I  may  here  state  a 
"  strange  fact :  if  you  cross  a  black  with  a  white  game,  yon  get 
"  birds  of  both  breeds  of  the  clearest  colour."  Sir  R.  Heron  cros^ 
during  many  years  white,  black,  brown,  and  fawn-coloured  Angora 
rabbits,  and  never  once  got  these  colours  mingled  in  the  same 
animal,  but  often  all  four  colours  in  the  same  litter.^'  From  cases  like 
these,  in  which  the  colours  of  the  two  parents  are  transmitted  quite 
separately  to  the  ofispring,  we  have  all  sorts  of  gradations,  Iflanfng 
to  complete  fusion.  I  will  give  an  instance :  a  gentleman  with  a 
(air  complexion,  light  hair  but  dark  eyes,  married  a  lady  with  dark 
iiair  and  complexion :  their  three  children  have  very  light  hair,  but 
on  careful  search  about  a  dozen  black  hairs  were  found  scattered  in 
the  midst  of  the  light  hair  on  the  heads  of  all  three. 

When  turnspit  dogs  and  ancon  sheep,  both  of  which  have  dwarfed 
limlis,  are  crossed  with  conmion  breeds,  the  ofi^pring  are  not  inter- 
mediate in  structure,  but  take  after  either  parent.  When  tailless  or 
hornless  animals  are  crossed  with  perfect  animals,  it  frequently,  but 
by  no  means  invariably,  happens  that  the  offspring  are  either 
furnished  with  these  organs  in  a  perfect  state,  or  are  quite  destitute 
of  them.  According  to  Rengger,  the  hairless  condition  of  the 
Paraguay  dog  is  either  perfectly  or  not  at  all  transmitted  to  its 
mongrel  oflfepring ;  but  I  have  seen  one  partial  exception  in  a  dog 
of  this  parentage  which  had  part  of  its  skin  liairy,  and  part  naked« 
the  parts  being  distinctly  separated  as  in  a  piebald  animal.  When 
Dorking  fowls  with  five  toes  are  crossed  with  other  breeds,  the 
chickens  often  have  five  toes  on  one  foot  and  four  on  the  other. 
Some  crossed  pigs  raised  by  Sir  R.  Heron  between  the  solid-hoofed 
and  common  pig  had  not  all  four  feet  in  an  intermediate  condition, 
but  two  feet  were  furnished  with  properly  divided,  and  two  with 
united  hoofs. 

Analogous  facts  have  been  observed  with  plants :  Major  Trevor 


*•  lilxtract  of  a  letter  from  Sir  R. 
Heron,  1838,  given  me  bj  Mr.  Yarrell. 
With  respect  to  mice,  ate  '  .\QDal.  de:i 
So.  Nat.,*  torn.  i.  p.  180;  and  I  have 
heard  of  other  similar  ca-ves.  For 
turtle-dcveri,  lioitard  and  Corbie, '  Led 
Pigeon*,'  &c.,  p.  238.  For  the  Game 
fowl,  'The  Poultry  Book,'  1866,  p. 
128.  For  crosses  of  tailless  fowls, 
see  Be.hstein,  'Naturge*.  DeutNch.' 
b.  iii.  s.  403.  Bronn,  'Geschichte 
dcr  Natur,'  b.  ii.  s.  170,  gives  analo- 
gous facts  with  horses.     On  the  hair- 


less condition  of  crossed  South  Ameri- 
can dogs,  sc^  Kenggcr,  '  Saugethiere 
von  Paraguay,*  s.  152 :  but  1  saw  in 
the  2^1ogical  Gardens  mongrels, 
from  a  similar  cross,  which  were 
hairless,  quite  hairy,  or  hairy  in 
patches,  that  is,  piebald  with  hair. 
For  crosses  of  Dorking  and  other 
fowls,  see  *  Poultry  Chronicle,*  vol.  iL 
p.  355.  About  the  crossed  pigs,  ex- 
tract of  letter  from  Sir  R.  Ueron  to 
Mr.  y^arrell.  For  other  cases,  see  P. 
Lucas,  *  L'Hered.  Nat.*  tom.  i.  p.  212. 
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Clarke  crossed  the  little,  glabrous-leaved,  annual  stock  (Mathiola), 
with  pollen  of  a  large,  red-flowered,  rough-leaved,  biennial  stock, 
called  cocardeau  by  the  French,  and  the  result  was  that  half  tiie 
seedLmgs  had  glabrous  and  the  other  half  rough  leaves,  but  none 
had  leaves  in  an  intermediate  state.  That  the  glabrous  seedli^s 
were  the  product  of  the  rough-leaved  variety,  and  not  accidentally 
of  ite  mother-plant's  own  pollen,  was  shown  by  their  tall  and 
strong  habit  of  growth.''  In  the  succeeding  generations  raised 
from  the  rough-leaved  crossed  seedlings,  some  glabrous  plants 
appeared,  showing  that  the  glabrous  character,  though  incapable 
of  blending  with  and  modifying  the  rough  leaves,  was  all  the  time 
latent  in  this  family  of  plants.  The  numerous  plants  formerly 
referred  to,  which  I  raised  from  reciprocal  crosses  between  the 
peloric  and  common  Antirrhinum,  ofifer  a  nearly  parallel  case ;  for 
m  the  first  generation  all  the  plants  resembled  the  common  form, 
and  in  ite  next  generation,  out  of  one  hundred  and  thirtynseven 
plants,  two  alone  were  in  an  intermediate  condition,  the  others 
perfectly  resembling  either  the  peloric  or  common  form.  M.ajqi 
Trevor  Clarke  also  fertilised  the  above-mentioned  red-flowered 
stock  wiUi  pollen  from  the  purple  Queen  stock,  and  about  half  the 
seedlings  scarcely  differed  in  habit,  and  not  at  all  in  the  red  colour  of 
the  flower,  from  the  mother-plant,  the  other  half  bearing  blossoms 
of  a  rich  purple,  closely  like  those  of  the  paternal  plant.  Gartner 
crossed  many  white  and  yellow-flowered  species  and  varieties  of 
Yerbascum;  and  these  colours  were  never  blended,  but  the  off- 
spring bore  either  pure  white  or  pure  yellow  blossoms ;  the  former 
in  the  larger  proportion.""  Dr.  Herbert  raised  many  seedlings,  as 
he  informed  me,  from  Swedish  turnips  crossed  by  two  other 
varieties,  and  these  never  produced  flowers  of  an  intermediate  tint, 
but  always  like  one  of  their  parents.  I  fertilised  the  purple  sweet- 
pea  (Lathyrus  odoratus),  which  has  a  dark  reddish-purple  standard- 
petal  and  violet-colouzed  wings  and  keel,  with  pollen  of  the  painted 
lady  sweet-pea,  which  has  a  pale  cherry-coloured  standard,  and 
almost  white  wings  and  keel;  and  from  the  same  pod  I  twice 
raised  plants  perfectly  resembling  both  sorts ;  the  greater  number 
resembling  the  fiEbther.  So  perfect  was  the  resemblance,  that  I 
should  have  thought  there  had  been  some  mistake,  if  the  plants 
which  were  at  first  identical  with  the  paternal  vanety,  namely,  the 
painted-lady,  had  not  later  in  the  season  produced,  as  mentioned  in 
a  former  chapter,  flowers  blotched  and  streaked  with  dark  purple. 
I  raised  grandchildren  and  «reat-grandchildren  from  these  crossed 

Slants,  and    they  continued  to  resemble    the  painted-lady,  but 
uring  later  generations  became  rather  more  blotched  with  purple, 
yet  none  reverted  completely  to  the  original  mother-plant,  the  purple 

**  '  latemat.  Hort.  and  Bot.  Con-  diate  tints  from  similar  crosses  in  th« 

gresfl  of  London,'  18G6.  genua  Yerbascum.     With  respect  to 

**  *  Bastarderzeugung,'      s.      307.  the  turnips,  mv  Herbert's 'Amarylli- 

Kolreuter  ( '  Dritte  Fortsetszung,'  s.  daces,'  1837,  p.  370. 
Mf  39),  however,  obtained  interme- 
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sweet- pea.  The  following  case  is  slightly  difierent,  bat  still  shows  the 
same  principle :  Naudm^  raised  numerous  hybrids  between  the 
yellow  Linaria  vulgaris  and  the  purple  L.  purpurea,  and  during 
three  successiTe  generations  the  colours  kept  distinct  in  diJSerent 
parts  of  the  same  flower. 

From  cases  such  as  the  foregoing,  in  which  the  ofEspring  of  the  first 
generation  perfectly  resemble  either  parent,  we  come  by  a  small 
step  to  those  cases  in  which  dififerently  coloured  flowers  borne  on 
the  same  root  resemble  both  parents,  and  by  another  step  to  those 
in  which  the  same  flower  or  fruit  is  striped  or  blotched  with 
the  two  parental  colours,  or  bears  a  single  stripe  of  the  colour  or 
other  characteristic  quality  of  one  of  the  parent-forms.  With  hybrids 
and  mongrels  it  frequently  or  even  generally  happens  that  one  part 
of  the  body  resembles  more  or  less  closely  one  parent  and  another 
part  the  other  parent ;  and  here  again  some  resistence  to  fusion,  or, 
what  comes  to  the  same  thing,  some  mutual  affinity  between  the 
organic  atoms  of  the  same  nature,  apparently  comes  into  play,  for 
otherwise  all  parts  of  the  body  would  be  equally  intermediate  in 
character.  So  again,  when  the  offspring  of  hybrids  or  mongrels, 
which  are  themselves  nearly  intermediate  in  character,  revert  either 
wholly  or  by  segments  to  their  ancestors,  the  principle  of  the 
affinity  of  similar,  or  the  repulsion  of  dissimilar  atoms,  must  come 
into  action.  To  this  principle,  which  seems  to  be  extremely  general, 
we  shall  recur  in  the  chapter  on  pangenesis. 

It  is  remarkable,  as  has  been  strongly  insisted  upon  by  Isidore 
Oeofiroy  St.  Hilaire  in  regard  to  animals,  that  the  transmission  of 
characters  without  fusion  occurs  very  rarely  when  species  are 
crossed ;  I  know  of  one  exception  alone,  namely,  with  the  hybrids 
naturally  produced  between  the  common  and  hooded  crow  (Corvus 
corone  ana  cornix),  which,  however,  are'  closely  allied  species, 
differing  in  nothing  except  colour.  Nor  have  1  met  with  any  well- 
ascertained  coses  of  transmission  of  this  kind,  even  when  one  form 
is  strongly  prepotent  over  another,  when  two  races  are  crossed 
which  have  been  slowly  formed  by  man's  selection,  and  therefore 
resemble  to  a  certain  extent  natural  species.  Such  cases  as  puppies 
in  the  same  litter  closely  resembling  two   distinct    breeds,  are 

Erobably  due  to  superfoetation, — that  is,  to  the  influence  of  two 
ithers.  All  the  characters  above  enumerated,  which  are  trans- 
mitted in  a  perfect  state  to  some  of  the  offspring  and  not  to  others, 
— such  as  distinct  colours,  nakedness  of  skin,  smoothness  of  leaves, 
absence  of  horns  or  tail,  additional  toss,  pelorism,  dwarfed  structure, 
Ac, — have  all  been  known  to  appear  suddenly  in  individual  animals 
and  plants.  From  this  fact,  and  from  the  several  slight,  aggregated 
differences  which  distinguish  domestic  races  and  species  from  one 
another,  not  being  liable  to  this  peculiar  form  of  transmission,  we 
may  conclude  that  it  is  in  some  way  connected  with  the  sudden 
api)earance  of  the  characters  in  question. 


'*  *  Noarelles  Archives  du  Mus^am,'  torn.  i.  p.  100. 
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On  the  Modijicaiion  of  old  Baces  and  the  Formation  of  new 
Bace$  hy  Croeaing. — We  have  hitherto  chiefly  considered  the 
effects  of  crossing  in  giving  uniformity  of  character ;  we 
must  now  look  to  an  opposite  result.  There  can  be  no  doubt 
that  crossing,  with  the  aid  of  rigorous  selection  during 
several  generations,  has  been  a  potent  means  in  modifying 
old  races,  and  in  forming  new  ones.  Lord  Orford  crossed  his 
famous  stud  of  greyhounds  once  with  the  bulldog,  in  order  to 
give  them  courage  and  perseverance.  Certain  pointers  have 
been  crossed,  as  I  hear  from  the  Eev.  W.  D.  Fox,  with  the 
foxhound,  to  give  them  dash  and  speed.  Certain  strains  of 
Dorking  fowls  have  had  a  slight  infusion  of  Game  blood; 
and  I  have  known  a  great  fancier  who  on  a  single  occ-asion 
crossed  his  turbit-pigeons  with  barbs,  for  the  sake  of  gaining 
greater  breadth  of  beak. 

In  the  foregoing  cases  breeds  have  been  crossed  once,  for 
the  sake  of  modifying  some  particular  character ;  but  with 
most  of  the  improved  races  of  the  pig,  which  now  breed  true, 
there  have  been  repeated  crosses, — for  instance,  the  improved 
Essex  owes  its  excellence  to  repeated  crosses  with  the  Neapo- 
litan, together  probably  with  some  infusion  of  Chinese  blood.  *^ 
So  with  our  British  sheep  :  almost  all  the  races,  except  the 
Southdown,  have  been  largely  crossed;  "this,  in  fact,  haa 
been  the  history  of  our  principal  breeds."  ^^  To  give  an 
example,  the  "  Oxfordshire  Downs  "  now  rank  as  an  estab- 
lished breed.**  They  were  produced  about  the  year  1830  by 
crossing  "  Hampshire  and  in  some  instances  Southdown  ewes 
with  Cots  wold  rams : "  now  the  Hampshire  ram  was  itself 
produced  by  repeated  crosses  between  the  native  Hampshire 
sheep  and  Southdowns  ;  and  the  long- wool  led  Cots  wold  were 
improved  by  crosses  with  the  Leicester,  which  latter  again  is 
believed  to  have  been  a  cross  between  several  long-wooUed 
sheep.      Mr.   Spooner,   after  oousidering  the   various  cases 

"  Richardson,  *  Pigs,*  1847,  pp.  37,  part  ii. :    sec  also   an   equally  good 

42 ;  S.  Sidney's  edition  of  *  Youatt  on  article  by  Mr.  Ch.  Howard,  in  *  Uar- 

the  Pig,'  1860,  p.  3.  dener's  Chronicle,'  1860,  p.  320. 

•.  W.  C.  ----- 


"  &eMr.  W.  C.  Spooner 's  excel-  "  'Gardener's Chronicle,' 1857, pp. 

lent  iMiper  on  Cross-Breeding,  '  Jour-       649,  652. 
ual   Royal   Agricult.   Soc.,'  vol.  xx.^ 
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which  have  heen  carefully  recorded,  concludes,  **  that  from  a 
judicious  pairing  of  cross-bred  animals  it  is  practicable  to 
establish  a  new  breed."  On  the  continent  the  history  of 
several  crossed  races  of  cattle  and  of  other  animals  has  been 
well  ascertained.  To  give  one  instance :  the  King  of  Wurtem- 
burg,  after  twenty-five  years'  careful  breeding,  that  is,  after 
six  or  seven  generations,  made  a  new  breed  of  cattle  from  a 
cross  between  a  Dutch  and  a  Swiss  breed,  combined  with  other 
breeds.^*  The  Sebright  bantam,  which  breeds  as  true  as  any 
other  kind  of  fowl,  was  formed  about  sixty  years  ago  by  a 
complicated  cross.^^  Dark  Brahmas,  which  are  believed  by 
some  fanciers  to  constitute  a  distinct  species,  were  un- 
doubtedly formed^^  in  the  United  States,  within  a  recent 
period,  by  a  cross  between  Chittagongs  and  Cochins.  With 
plants  there  is  little  doubt  that  the  Swede-turnip  originated 
from  a  cross ;  and  the  history  of  a  variety  of  wheat,  raised 
from  two  very  distinct  varieties,  and  which  after  six  years* 
culture  presented  an  even  sample,  has  been  recorded  on  good 
authority.^® 

Until  lately,  cautious  and  experienced  breeders,  though 
not  averse  to  a  single  infusion  of  foreign  blood,  were  al- 
most universally  convinced  that  the  attempt  to  establish  a 
new  race,  intermediate  between  two  widely  distinct  races, 
was  hopeless  :  "  they  clung  with  superstitious  tenacity  to  the 
•*  doctrine  of  purity  of  blood,  believing  it  to  be  the  ark  in 
"  which  alone  true  safety  could  bo  found."  ^*  Nor  was  this 
conviction  unreasonable  :  when  two  distinct  races  are  crossed, 
the  offspring  of  the  first  generation  are  generally  nearly  uni- 
form in  character ;  but  even  this  sometimes  fails  to  be  the 
case,  especially  with  crossed  dogs  and  fowls,  the  young  of 
which  from  the  first  are  sometimes  much  diversified.  As 
cross-bred  animals  are  generally  of  large  Kize  and  vigorous, 
they  have  been  raised  in  great  numbers  for  immediate  con- 
sumption.    But  for  breeding  they  are  found  utterly  useless ; 

"  *  Bulletin  de  la  Soc  d'Acclimat.,*  «'  *  The  Poultry  Book,'  by  W.  B. 

1862,  torn.  ix.  p.  463.      See  also,  for  Tegetmeier,  1866,  p.  58. 

other  cases,  MM.  Moll   and    Gayot,  *•  *  Gardener's    Chronicle,*     1852, 

*  Du  Bceuf/  1860,  p.  xxxii.  p.  765. 

"  *  Poultry    Chronicle,'    rol.    ii.,  *•  Spooner,  in  *  Journal  Royal  Agri- 

1854,  p.  36.  cult.  Soc,'  vol.  xx.,  part  ii. 
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for  thongh  they  may  themselves  be  nniform  in  character, 
they  yield  during  many  generations  astonishingly  diversified 
offspring.  The  breeder  is  driven  to  despair,  and  concludes 
that  he  will  never  form  an  intermediate  race.  But  from  the 
cases  already  given,  and  from  others  which  have  been  re- 
corded, it  appears  that  patience  alone  is  necessary;  as  Mr. 
Spooner  remarks,  "nature  opposes  no  barrier  to  successful 
admixture ;  in  the  course  of  time,  by  the  aid  of  selection  and 
careful  weeding,  it  is  practicable  1o  establish  a  new  breed." 
After  six  or  seven  generations  the  hoped-for  result  will  in 
most  cases  be  obtained ;  but  even  then  an  occasional  reversion, 
or  failure  to  keep  true,  may  be  expected.  The  attempt, 
however,  will  assuredly  fail  if  the  conditions  of  life  bo 
decidedly  unfavourable  to  the  characters  of  either  parent- 
breed. ^° 

Although  the  grandchildren  and  succeeding  generations 
of  cross-bred  animals  are  generally  variable  in  an  extreme 
degree,  some  curious  exceptions  to  the  rule  have  been  observed 
both  with  crossed  races  and  species.  Thus  Boitard  and 
Corbi^  ^*  assert  that  from  a  Pouter  and  a  Runt  "  a  Cavalier 
will  appear,  which  we  have  classed  amongst  pigeons  of  pure 
race,  because  it  transmits  all  its  qualities  to  its  posterity." 
The  editor  of  the  '  Poultry  Chronicle '  ^'^  bred  some  bluish 
fowls  from  a  black  Spanish  cock  and  a  Malay  hen  ;  and  these 
remained  true  to  colour  "generation  after  generation."  The 
Himalayan  breed  of  rabbits  was  certainly  formed  by  crossing 
two  stlb-varieties  of  the  silver-grey  rabbit ;  although  it  sud- 
denly assumed  its  present  character,  which  differs  much  from 
that  of  either  parent-breed,  yet  it  has  ever  since  been  easily 
and  truly  propagated.  I  crossed  some  Labrador  and  Penguin 
ducks,  and  recrossed  the  mongrels  with  Penguins  ;  afterwards 
most  of  the  ducks  reared  during  three  generations  were  nearly 
uniform  in  character,  being  brown  with  a  white  crescentio 
mark  on  the  lower  part  of  the  breast,  and  with  some  white 
spots  at  the  l>ase  of  the  beak ;  so  that  by  the  aid  of  a  little 
selection  a  new  breed  might  easily  have  been  formed.     With 

*•  Sfc    Coliu*s   '  TraiU    de    Phyrf.       well  treated. 
Comp.    de«    Animnux    Domesciqucs,'  **  *  Les  Pigeons,*  p.  37, 

torn.  ii.  p.  53<5,  where  this  subject  is  "  Vol.  i.,  1854,  p.  101. 
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regard  to  croesed  varieties  of  plants,  Mr.  Beaton  remarks  ^ 
that  "  Melville's  extraordinary  cross  between  the  Scotch  kale 
and  an  early  cabbage  in  as  true  and  genuine  as  any  on  record  ;*' 
but  in  this  case  no  doubt  selection  was  practised.  Gartner  ^ 
has  given  five  cases  of  hybrids,  in  which  the  progeny  kept 
constant ;  and  hybrids  between  Dianihus  armeria  and  deUoidet 
remained  true  and  uniform  to  the  tenth  generation.  Dr. 
Herbert  likewise  showed  me  a  hybrid  from  two  species  of 
Loasa  which  from  its  first  production  had  kept  constant 
during  several  generations. 

We  have  seen  in  the  first  chapter,  that  the  several  kinds 
of  dogs  are  almost  certainly  descended  from  more  than  one 
species,  and  so  it  is  with  cattle,  pigs  and  some  other  domesti- 
cated animals.  Hence  the  crossing  of  aboriginally  distinct 
species  probably  came  into  play  at  an  early  period  in  the 
formation  of  our  present  races.  From  Riitimeyer's  observa- 
tions there  can  be  little  doubt  that  this  occurred  with  cattle ; 
but  in  most  cases  one  form  will  probably  have  absorbed  and 
obliterated  the  other,  for  it  id  not  likely  that  semi-civilized 
men  would  have  taken  the  necessary  pains  to  modify  by 
selection  .their  commingled,  crossed,  and  fluctuating  stock. 
Nevertheless,  those  animals  which  were  best  adapted  to  their 
conditions  of  life  would  have  survived  through  natural 
selection  ;  and  by  this  means  crossing  will  often  have  in- 
directly aided  in  the  formation  of  primeval  domesticated 
breeds.  Within  recent  times,  as  far  as  animals  are  concerned, 
the  crossing  of  distinct  species  has  done  little  or  nothing  to- 
wards the  formation  or  modification  of  our  races.  It  is  not  yet 
known  whether  the  several  species  of  silk-moth  which  have 
Ijecn  recently  crossed  in  France  will  yield  permanent  races. 
With  plants  which  can  be  multiplied  by  buds  and  cuttings, 
hybridisation  has  done  wonders,  as  with  many  kinds  of  Boses, 
Khododendrons,  Pelargoniums,  Calceolarias,  and  Petunias. 
Nearly  all  these  plants  can  be  propagated  by  seed,  most  of 
them  freely ;  but  extremely  few  or  none  come  true  by  seed. 

Some  authors  believe  that  crossing  is  the  chief  cause  of 
variability, — that  is,  of  the  appearance  of  absolutely  new 

'Cottage    GaiiieDcr,'    18r>6,    p.  ^  * Bastarderzegung,' s.  553. 
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characters.  Some  have  gone  so  far  as  to  look  at  it  as  the 
sole  cause;  but  this  conclusion  is  disproved  by  the  facts 
given  in  the  chapter  on  Bud-variation.  The  belief  that 
characters  not  present  in  either  parent  or  in  their  ancestors 
frequently  originate  from  crossing  is  doubtful;  that  they 
occasionally  do  so  is  probable ;  but  this  subject  will  be  more 
conveniently  discussed  in  a  future  chapter  on  the  causes  of 
Variability. 

A  condensed  summary  of  this  and  of  the  three  following 
chapters,  together  with  some  remarks  on  Hybridism,  will  be 
given  in  the  nineteenth  chapter. 
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CHAPTER  XVI. 

CAU8B8     WHICH     INTERFERE     WITH     THE     FREE     CROSSING      OF 
VARIETIES— INFLUENCE  OF  DOMESTICATION   ON   FERTILITY. 

DirriCrLTIES  in  judging  of  the  fertility  of  varieties  when  CROdSED 
— VARIOUS  CAUSES  WUICII  KEEP  VARIETIES  DISTINCT,  AS  THE  PERIOD 
or  BREEDING  AND  SEXUAL  PREFERENCE— VARIETIES  OF  WHEAT  SAID  TO 
BE  STERILE  WHEN  CROSSED — VARIETIES  OF  UAIZE,  VERBA8CUM,  HOLLY- 
HOCK, GOURDS,  MELONS,  AND  TOBACCO,  RENDERED  IN  80>IE  DEGREE 
MUTUALLY  STERILE — DOMESTICATION  ELIMINATES  THE  TENDENCY  TO 
STERILITY  NATURAL  TO  SPECIES  WHEN  CROSSED — ON  THE  INCREASED 
FERTILITY  OF  UNCROSSED  ANIMALS  AND  PLANTS  FROM  DOMESTICATION 
AND  CULTIVATION. 

The  domes tica ted  races  of  both  animals  and  plants,  when 
orossed,  are,  with  extremely  few  exceptions,  quite  prolific, — in 
some  cases  even  more  so  than  the  purely-bred  parent-race^. 
The  offspring,  also,  raised  from  such  crosses  are  likewise,  as 
wo  shall  see  in  the  following  cha])ter,  generally  more  vigorous 
and  fertile  than  their  jMirents.  On  the  other  hand,  si)ecies 
when  crt>sseil,  and  their  hybrid  off«priug,  are  almost  invariably 
in  some  degree  sterile  ;  and  here  tJiei-e  seems  to  exist  a  broad 
and  insuperable  distinction  between  races  and  si>ecies.  The 
imi)ortance  of  this  subjoct  as  bearing  on  the  origin  of  s^iecies 
is  obvious  ;  and  we  shall  hereafter  recur  to  it. 

It  is  unfortunate  how  few  pivcise  ol>servations  have  been 
made  on  tlie  fertility  of  mongrel  animals  and  plants  during 
several  Hucoessive  generations.  Dr.  Broca  ^  has  remarked 
that  no  one  has  observed  whetlier,  for  instance,  mongrel  dogs, 
bre<l  inter  w,  are  indetinitely  fertile ;  yet,  if  a  shade  of  in- 
fertility \)0  detectwl  by  careful  observation  in  the  offspring  of 
natural  forniH  when  cro.»*m»d,  it  is  thought  that  their  specific 
diHtiiu^tion  is  provcnl.  But  so  many  breeils  of  sheep,  cattle, 
pigs,  dogs,  and  jK^ultry,  have  been  crossed  and  recrossed  in 
various  ways,  that  any  sterility,  if  it  had  existed,  would  from 
iKiiing  injurious  almost  certainly  have  l)een  observed.  In 
1  <  Juuriml  (I«  Phy»iulog.,'  toiu.  ii.,  1S59,  p.  3B5. 
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inyestigating  the  fertility  of  Grossed  varieties  many  source  of 
doubt  occur.  Whenever  the  least  trace  of  sterility  between 
two  plants,  however  closely  allied,  was  observed  by  Kolreuter, 
and  more  especially  by  Gartner,  who  counted  the  exact  num- 
ber of  seed  in  each  capsule,  the  two  forms  were  at  once  ranked 
as  distinct  species ;  and  if  this  rule  be  followed,  assuredly  it 
will  never  be  proved  that  varieties  when  crossed  are  in  any 
degree  sterile.  We  have  formerly  seen  that  certain  breeds  of 
dogs  do  not  readily  pair  together ;  but  no  observations  have 
been  made  whether,  when  paired,  they  produce  the  full 
number  of  young,  and  whether  the  latter  are  perfectly  fertile 
inter  Be;  but,  supposing  that  some  degree  of  sterility  were 
found  to  exist,  naturalists  would  simply  infer  that  these 
breeds  were  descended  from  aboriginally  distinct  species ;  and 
it  would  be  scarcely  possible  to  ascertain  whether  or  not  this 
explanation  was  the  true  one. 

The  Sebright  Bantam  is  much  less  prolific  than  any  other 
breed  of  fowls,  and  is  descended  from  a  cross  between  two 
very  distinct  breeds,  recrossed  by  a  third  sub-variety.  But  it 
would  be  extremely  rash  to  infer  that  the  loss  of  fertility  was 
in  any  manner  connected  with  its  crossed  origin,  for  it  may 
with  more  probability  be  attributed  either  to  long-continued 
close  interbreeding,  or  to  an  innate .  tendency  to  sterility 
correlated  with  the  absence  of  hackles  and  sickle  tail-feathers. 

Before  giving  the  few  recorded  cases  of  forms,  which  must 
be  ranked  as  varieties,  being  in  some  degree  sterile  when 
crossed,  I  may  remark  that  other  causes  sometimes  interfere 
vrith  varieties  freely  intercrossing.  Thus  they  may  differ  too 
greatly  in  size,  as  with  some  kinds  of  dogs  and  fowls :  for 
instance,  the  editor  of  the  *  Journal  of  Horticulture,  &c.,'  ^ 
says  that  he  can  keep  Bantams  with  the  larger  breeds  without 
much  danger  of  their  crossing,  but  not  with  the  smaller 
breeils,  such  as  Games,  Hamburgs,  kc.  With  plants  a 
difference  in  the  period  of  flowering  serves  to  keep  varieties 
distinct,  as  with  the  various  kinds  of  maize  and  wheat :  thus 
Colonel  Le  Couteur  ^  remarks,  "  the  Talavera  wheat,  from 
flowering   much   earlier   than    any   other   kind,   is  sure   to 

«  Dec.  1863,  p.  484.  »  Da  '  The  Varietiei  of  Wheat,*  p.  66. 
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continue  pure."  In  different  parts  of  the  Falkland  Islands 
the  cattle  are  breaking  up  into  herds  of  different  colouis; 
and  those  on  the  higher  ground,  wliich  are  generally'  white, 
usually  breed,  as  I  am  informed  by  Sir  J.  Sulivan,  three 
months  earlier  than  those  on  the  lowland ;  and  this  would 
manifestly  tend  to  keep  the  herds  from  blending. 

Ceitain  domestic  races  seem  to  prefer  breeding  with  their 
own  kind ;  and  this  is  a  fact  of  some  importance,  for  it  is  a  step 
towards  that  instinctive  feeling  which  helps  to  keep  closely 
allied  species  in  a  state  of  nature  distinct.  We  have  now 
abundant  evidence  that,  if  it  were  not  for  this  feeling,  many 
more  hybrids  would  be  naturally  produced  than  in  this  case. 
We  have  seen  in  the  first  chapter  that  the  alco  dog  of  Mexico 
dislikes  dogs  of  other  breeds ;  and  the  hairless  dog  of 
Paraguay  mixes  less  readily  with  the  European  races,  than 
Ihe  latter  do  with  each  other.  In  Germany  the  female  Spitz- 
dog  is  said  to  receive  the  fox  more  readily  tlian  will  other 
dogs;  a  female  Australian  Dingo  in  England  attracted  the 
wild  male  foxes.  But  these  differences  in  the  sexual  instinct 
and  attractive  power  of  the  various  breeds  may  Ik)  wholly 
due  to  their  descent  from  distinct  si^ecies.  In  I'araguay  the 
horses  have  much  freedom,  and  an  excellent  olwserver  *  believes 
that  the  native  horses  of  the  same  colour  and  size  prefer 
associating  with  each  other,  and  that  the  horses  which  have 
been  imported  from  Entre  Rios  and  Banda  Oriental  into 
Paraguay  likewise  i)refer  associating  together.  In  Circassia 
six  sub-i*aces  of  the  horse  have  received  distinct  names ;  and 
a  native  propriet».»r  of  rank  *  asserts  that  horses  of  three  of 
these  races,  whilst  living  a  free  life,  almost  always  refuse  to 
mingle  and  cross,  and  will  even  attack  one  another. 

It  has  been  observed,  in  a  district  stocked  with  heavy 
Lincolnshire  and  light  Norfolk  sheep,  that  l>oth  kinds,  though 
bred  together,  when  turned  out,  *•  in  a  short  time  se2)arate  to 
a  sheep  ;  **  the  Lincolnshires  drawing  off  to  the  rich  soil,  and 
the  Norfolks  to  their  o^ti  dry  light  soil ;  and  as  long  as  there 
is   plenty   of  grass,    "  the   two   breeds   keep   themselves   as 


*  Renjtger,  '  Siiugethiere  voq  Par:i-       and   De  Quatrefage*,  in  *  Bull.   St)c. 
guay,'  8.  336.  d'Acclimat.,*   torn,  viii.,  July,  18C1, 

*  See  i\  nicinoir  by  MM.  Lherbette       p.  312. 
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distinct  as  rooks  and  pigeons.''  In  this  case  different  habits 
of  life  tend  to  keep  the  races  distinct.  On  one  of  the  Faroe 
islands,  not  more  than  half  a  mile  in  diameter,  the  half-wild 
native  black  sheep  are  said  not  have  readily  mixed  with  the 
imported  white  sheep.  It  is  a  more  curious  fact  that  the 
semi-monstrous  ancon  sheep  of  modem  origin  "have  been 
Observed  to  keep  together,  separating  themselves  from  the 
rest  of  the  flock,  when  put  into  enclosures  with  othei  sheep."* 
With  respect  to  fallow-deer,  which  live  in  a  semi -domesti- 
cated condition,  Mr.  Bennett  ^  states  that  the  dark  and  pale 
coloured  herds,  which  have  long  been  kept  together  in  the 
Forest  of  Dean,  in  High  Meadow  Woods,  and  in  the  New 
Forest,  have  never  been  known  to  mingle :  the  dark-coloured 
deer,  it  may  be  added,  are  believed  to  have  been  first  brought 
by  James  J.  from  Norway,  on  account  of  their  greater 
hardiness.  I  imported  from  the  island  of  Porto  Santo  two  of 
the  feral  rabbit j^,  which  differ,  as  described  in  the  fourth 
chapter,  from  common  rabbits;  both  proved  to  be  males, 
and,  though  they  lived  during  some  years  in  the  Zoological 
Gardens,  the  superintendent,  Mr.  Bartlett,  in  vain  endea- 
voured to  make  them  breed  with  various  tame  kinds ;  but 
whether  this  refusal  to  breed  was  due  to  any  change  in  the 
instinct,  or  simply  to  their  extreme  wildiiess,  or  whether 
confinement  had  rendered  them  sterile,  as  often  occurs,  cannot 
be  determined. 

Whilst  matching  for  the  sake  of  experiment  many  of  the 
most  distinct  breeds  of  pigeons,  it  frequently  appeared  to 
me  that  the  birds,  though  faithful  to  their  marriage  vow, 
retained  some  desire  after  their  own  kind.  Accordingly  I 
asked  Mr.  Wicking,  who  has  kept  a  larger  stock  of  various 
breeds  together  than  any  man  in  England,  whether  he  thought 
that  they  would  prefer  pairing  with  their  own  kind,  suppos- 
ing that  there  were  males  and  females  enough  of  each ;  and 
he  without  hesitation  answered  that  he  was  convinced  that 

•  For  the  Norfolk  sheep,  a<»  Mar-  ^  White's  *  Nat.  Hist,  of  Sclbourne,* 

iihair»  *Kurail  Economy  of  Norfolk/  edited  by  Bennett,  p.  39.  With  respect 

vol.  ii.  p.  13(5.     See  Rev.  L.  Landt's  to   the   origin   of  the   dark-coloured 

'  Description  of  Faroe,'  p.  60.     For  deer,  see  '  Some  Account  of  English 

the  ancon  sheep,  see  *  Phil.  Transact.,*  IVer  Parks,*  by  E.  P.  Shirley,  Esq. 
1813,  p.  90. 
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this  was  the  case.  It  has  often  been  noticed  that  the 
dovecot  pigeon  seems  to  have  an  actual  aversion  towards  the 
several  fancy  breeds ;  *  yet  all  have  certainly  sprung  from  a 
common  progenitor.  The  Rev.  W.  D.  Fox  informs  me  that 
his  flocks  of  white  and  common  Chinese  geese  kept  distinct. 

These  facts  and  statements,  though  some  of  them  are 
incapable  of  proof,  resting  only  on  the  opinion  of  experienced 
observers,  show  that  some  domestic  races  are  led  by  different 
habits  of  life  to  keep  to  a  certain  extent  separate,  and  that 
otherci  prefer  coupling  -with  their  own  kind,  in  the  same 
manner  as  species  in  ^  state  of  nature,  though  in  a  much  less 
degree. 

With  respect  to  sterility  from  the  crossing  of  domestic  races,  I 
know  of  no  well-ascertained  case  with  animals.  This  fact,  seeing 
the  great  difference  in  structure  between  some  breeds  of  pigeons, 
fowls,  pigs,  dogs,  &c.,  is  extraordinary,  in  contrast  with  the  sterility 
of  many  closely  allied  natural  spcies  when  crossed ;  but  we  shall 
hereafter  attempt  to  show  that  it  is  not  so  extraordinary  as  it  at 
first  appears.  And  it  may  be  well  here  to  recall  to  mind  that  the 
amount  of  external  difference  between  two  species  is  not  a  safe  guide 
for  predicting  whether  or  not  they  will  breed  together,~some 
closely  allied  species  when  crossed  b«ing  utterly  sterile,  and  others 
which  are  extremely  unlike  being  moderately  fertile.  I  have  said 
that  no  case  of  sterility  in  crossed  races  rests  on  satisfactory  evi- 
dence; but  here  is  one  wliich  at  first  seems  trustworthy.  Mr. 
Youatt,'  and  a  better  authority  cannot  be  quoted,  states,  that 
formerly  in  Lancashire  crosses  were  frequently  made  between 
longhoru  and  shorthorn  cattle ;  the  first  cross  was  excellent,  but 
the  produce  was  uncertain ;  in  the  third  or  fourth  generation  the 
cowH  were  bad  milkers ;  **  in  addition  to  which,  there  was  much 
uncertainty  whether  the  cows  would  conceive ;  and  full  one-third 
of  the  COWH  among  some  of  these  half-breds  failed  to  be  in  calf.*' 
This  at  first  seems  a  good  case :  but  Mr.  Wilkinson  states,^^  that  a 
tirufiil  derived  from  this  same  cross  was  actually  established  in 
another  part  of  England ;  and  if  it  had  failed  in  fertility,  the  fsKst 
would  Huntly  have  been  noticed.  Moreover,  supposing  that  Mr. 
Vouatt  had  proved  his  case,  it  might  be  argued  that  the  sterility 
was  wholly  due  to  the  two  parent-breeds  being  descended  from 
primordially  distinct  species. 

In  iUii  case  of  plants  Giirtner  states  that  he  fertilised  thirteen 
Ut'Aidn  (mid  suluMXiueutly  nine  others)  on  a  dwarf  maize  bearing 

•  •  Th«  Dfivecotfl/  hj  th«  Rev.  E.  S.  •  *  Cattle/  p.  202. 

IM;  lJ«ch«tvin,   « Natur-  >•  Mr.  J.  Wilkinson,  in  *  Remark* 

vhUmli,'  Ua&d  Iv.,  1795,       addretMed  to  Sir  J   Sebright,"  1820, 

p.  38. 
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yellow  seed  "  with  pollen  of  a  tall  maize  having  red  seed ;  and  one 
bead  alone  produced  good  seed,  but  only  five  in  number.  Though 
these  plants  are  monoecious,  and  therefore  do  not  require  castration, 
yet  I  should  have  suspected  some  accident  in  the  manipulation,  had 
not  Gartner  expressly  stated  that  he  had  during  many  years  grown 
these  two  varieties  together,  and  they  did  not  spontaneously  cross ; 
and  this,  considering  that  the  plants  are  monoecious  and  abound 
witii  pollen,  and  are  well  known  generally  to  cross  freely,  seems 
explicable  only  on  the  belief  that  these  two  varieties  are  in  some 
degree  mutually  infertile.  The  hybrid  plants  raised  from  the  above 
five  seeds  were  intermediate  in  structure,  extremely  variable,  and 
perfectly  fertile."  In  like  manner  Prof.  Hildebrand"  could  not 
succeed  in  fertilising  the  female  flowers  of  a  plant  bearing  brown 
grains  with  pollen  from  a  certain  kind  bearing  yellow  grains; 
although  other  flowers  on  the  same  plant,  which  were  fertilised 
with  their  own  pollen,  yielded  good  seed.  No  one,  I  believe,  even 
suspects  that  these  varieties  of  maize  are  distinct  species ;  but  had 
the  hybrids  been  in  the  least  sterile,  no  doubt  Gartner  would  at 
once  have  so  classed  them.  I  may  here  remark,  that  with  undoubted 
species  there  is  not  necessarily  any  close  relation  between  the 
sterility  of  a  first  cross  and  that  of  the  hybrid  ofifspring.  Some 
species  can  be  crossed  with  facility,  but  produce  utterly  sterile 
hybrids;  others  can  be  crossed  with  extreme  difficulty,  but  the 
hybrids  when  produced  are  moderately  fertile.  I  am  not  aware, 
however,  of  any  instance  quite  like  this  of  the  maize,  namely,  of  a 
first  cross  made  with  difficulty,  but  yielding  perfectly  fertile  hybrids." 
The  following  case  is  much  more  remarkable,  and  evidently  per- 

Slexed  Gartner,  whose  strong  wish  it  was  to  draw  a  broad  line  of 
istinction  between  species  and  varieties.  In  the  genus  Ycrbascum, 
he  made,  during  eighteen  years,  a  vast  number  of  experiments,  and 
crossed  no  less  than  1085  flowers  and  counted  their  seeds.  Many 
of  these  experiments  consisted  in  crossing  white  and  yellow  varieties 
of  both  V.  lychnitis  and  V,  Uattaria  with  nine  other  si>ecies  and 
their  hybrids.  That  the  white  and  yellow  flowered  plants  of  these 
two  species  are  really  varieties,  no  one  has  doubtea ;  and  Gartner 
actually  msed  in  the  case  of  both  species  one  variety  from  the  seed  of 
the  other.  Now  in  two  of  his  works  ^^  he  distinctly  asserts  that  crosses 
between  similarly-coloured  flowers  yield  more  seed  than  between 
dissimilarly-coloured ;  so  that  the  yellow-flowered  variety  of  either 
species  (and  conversely  with  the  white-flowered  variety),  when 
crossed  with  pollen  of  its  own  kind,  yields  more  seed  than  when 


>»  *  Bnstarderzeugung,*  s.  87,  169. 
See  also  the  Table  at  the  end  of 
volume. 

"  *  Bostarderzeugung/  s.  87,  577. 

»•  »Bot.  Zeitung,'  1868,  p.  327. 

*♦  Mr.  Shirre6f  formerly  thought 
C  Oard.  Chron./  1858,  p.  771)  that  the 
offipring  from  a  cross  between  certain 


varieties  of  wheat  became  sterile  in 
the  fourth  generation;  but  he  now 
admits  (*  Improvement  of  the  Cereals,* 
1873)  that  thin  was  an  error. 

**  '  Kenntniss  der  Befruchtung/  s. 
137  ;  *  Bastarderzeugung,'  s.  92,  181. 
On  raising  the  two  varieties  from  seed, 
see  s.  307. 
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crossed  with  tlmt  ot  the  white  varioly ;  and  so  it  is  when  differently 
coloured epocies  are  crossed.  The  general  results  may  be  seen  in  the 
Table  at  tbe  end  tit  his  volume.  In  one  instanoe  he  gives"  the 
following  dfttails;  but  I  must  premise  that  Gartner,  to  avoid  px- 
oggerBtiiig  the  degreo  of  sterility  in  his  crosses,  always  compares  the 
inoxiiniirn  number  obt!iined  from  a  cross  with  the  aurmgc  number 
naturally  given  by  the  pure  mother-plant.  The  white  Tariety  of 
V.  lyeAnids,  naturally  fertilised  by  its  own  poHen,  gnve  from  an 
aatrage  of  twelve  capsules  ninety-sis  good  seeds  in  eooh ;  whilst 
twenty  6owors  tertilised  with  pollen  from  the  yellow  variety  of  this 
Rame  species,  gave  as  the  maximum  only  eighty-nine  good  seeds;  so 
that  wc  have  the  proportion  of  1000  to  908,  according  to  Gartner's 
osnal  scale.  I  should  have  thought  it  possible  that  so  small  n  difference 
in  fertility  might  have  been  accounted  foi'  by  the  evil  effects  of  the 
necessary  caseation ;  but  Gr&rtner  shows  that  the  while  variety  of  V. 
lyeititd'f,  when  fertilised  first  by  the  white  variety  of  C.  WufforiVi.and 
then  by  the  yellow  variety  ot  this  species,  yielded  seed  in  the  propor- 
tion of  6211  to  430 ;  and  in  both  these  cases  castration  was  performed. 


occurs  in  many  cases  when  distinct  speeies  arc  crossed.  Unfortu- 
nately Gartner  compared  the  results  of  the  first  unions  alone,  and 
not  the  sterility  of  the  two  sets  of  hybrids  produced  from  the  whitS 
variety  of  !■'.  lydinitis  when  fertilised  by  the  wliite  and  yeilo' " 
varieties  of  V.  MnWiria,  for  it  is  probable  that  they  would  liai 
differed  in  this  respect. 

Hr.  J.  Soott  has  given  me  the  results  of  a  scries  of  experiments  on 
Verbascnm.madeby  him  in  the  Botanic  Gardens  ofEdinfaui^h.i'  Be 
repeated  som'?  of  Gartner's  eiperimcnts  on  distinct  species,  but 
obtained  only  floctuoting  results,  some  confirmatory,  the  ^Tester 
number  contradictory;  nevertheless  these  seem  hnrdly  suiScient  to 
overthrow  the  conclusion  arrived  at  by  Gartner  from  experiments 
tried  on  a  lai^cr  scale.  Mr.  Scott  sIko  experimented  on  the  relative 
fertility  of  unions  between  similarly  and  dissimilarly-colonred 
varieties  of  the  same  species.  Thus  he  fertilised  six  flowers  of  tha 
yellow  variety  of  V.  lycknitii  by  its  own  pollen,  and  obtained  six 
capsules;  and  calling,  for  the  sake  of  comparison,  the  ave  ~ 
numberofgoodseedineach  of  their  capsules  one  hundred,  he  fu 
that  this  same  yellow  variety,  when  fertilised  by  the  while  vario^jT 
yielded  from  seven  capsules  an  average  of  ninety-foor  seed.  Or  ■"- " 
same  principle,  the  white  variety  ot  I',  lyehnitit  by  its  own  pi 
ffrom  six  capsules),  and  by  the  pollen  of  the  yellow  variety  (i 
cajMules),  yielded  seed  in  the  proportion  of  100  to  82.  The  y( ._ 
variety  of  V.  thapiui  by  its  own  pollen  (eight  capsules),  and  by 
tliat  of  the  white  variety  (only  two  capsules),  yielded  sMd  in  tW 
proportion  of  100  to  94.    Lastly,  the  while  variety  of  V.  htaflark 
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by  its  own  pollen  (eight  cansules),  and  by  that  of  the-yellow  variety 
(five  capsules),  yielded  seea  in  the  proportion  of  100  to  79.  So  that 
in  every  case  the  unions  of  similarly-coloured  varieties  of  the  same 
species  were  more  fertile  than  the  unions  of  dissimilarly-coloured 
varieties ;  when  all  the  cases  are  grouped  together,  the  difference  of 
fertility  is  as  100  to  86.  Some  additional  trials  were  made,  and 
altofi;etlier  thirty-six  similarly-coloured  unions  yielded  thirty-five 
good  capsules ;  whilst  thirty-five  dissimilarly-coloured  unions  yielded 
only  twenty-six  good  capsules.  Besides  the  foregoing  experiments, 
the  purple  V,  phceniceum  was  crossed  by  a  rose-coloured  and  a  white 
variety  of  the  same  species ;  these  two  varieties  were  also  crossed 
together,  and  these  several  unions  yielded  less  seed  than  V.  phce^ 
niceum  by  its  own  pollen.  Hence  it  follows  from  Mr.  Scott's  experi- 
ments, that  in  the  genus  Yerbasciun  the  similarly  and  dissimilarly- 
coloured  varieties  of  the  same  species  behave,  when  crossed,  like 
closely  allied  but  distinct  species.^^ 

This  remarkable  fact  of  the  sexual  affinity  of  similarly-coloured 
varieties,  as  observed  by  Gartner  and  Mr.  Scott,  may  not  be  of  very 
rare  occurrence ;  for  the  subject  has  not  been  attended  to  by  others. 
The  following  case  is  worth  giving,  partly  to  show  how  difficult  it 
is  to  avoid  error.  Dr.  Herbert"  has  remarked  that  variously- 
coloured  double  varieties  of  the  Hollyhock  (AUhea  ivsed)  may  be 
raised  with  certainty  by  seed  from  plants  growing  close  together. 
I  have  been  informed  that  nurserymen  who  raise  seed  for  sale  do 
not  separate  their  plants ;  accordingly  I  procured  seed  of  eighteen 
named  varieties;  of  these,  eleven  varic^ties  produced  sixty-two 
plants  all  perfectly  true  to  their  kind ;  and  seven  produced  forty- 
nine  plants,  half  of  which  were  true  and  half  false.    Mr.  Masters  of 


"  The  following  facts,  given  by 
Kolrenter  in  his  *  Dritte  Fortsetzung/ 
ss.  34, 89,  appear  At  first  sight  strongly 
to  confirm  Mr.  Scott's  and  Gartner's 
statements ;  and  to  a  certain  limited 
extent  they  do  so.  Kolreuter  asserts 
from  innumerable  observations,  that 
insects  incessantly  carry  pollen  from 
one  species  and  variety  of  Verb.iscum 
to  another ;  and  1  can  confirm  this 
assertion ;  yet  he  found  that  the 
white  and  yellow  varieties  of  Verbas- 
cum  lychnitis  often  grew  wild  mingled 
together :  moreover,  he  cultivated 
these  two  varieties  in  considerable 
numbers  during  four  years  in  his 
garden,  and  they  kept  true  by  seed ; 
bat  when  he  crossed  them,  they  pro- 
duced flowers  of  an  intermediate  tint. 
Hence  it  might  have  'oeen  thought 
that  both  varieties  must  hare  a 
stronger  elective  affinity  for  the  pollen 


of  their  own  variety  than  for  that  of 
the  other ;  this  elective  affinity,  I 
may  add  of  each  species  for  its  own 
pollen  (Kolreuter,  *  Dritte  Forts.'  s. 
S9,  and  Gartner,  *  Bastarderz.,  passimS 
being  a  perfectly  well-ascertained 
power.  But  the  force  of  the  fore- 
going facts  is  much  lei»sened  by 
G'drtner's  numerous  experiments,  for, 
differently  from  Kolreuter,  he  never 
once  got  ('  Bastarderz.,'  s.  307)  an 
mtermediate  tint  when  he  crossed  the 
yellow  and  white,  flowered  varieties 
of  Verbascum.  So  that  the  fact  of 
the  white  and  yellow  varieties  keei)- 
ing  true  to  their  colour  by  seed  does 
not  prove  that  they  were  not  mutual- 
ly fertilised  by  the  pollen  carried  by 
insects  from  one  to  the  other. 

»•  *  Amaryllidacea;,'  1837,  p.  366. 
Gartner  has  made  a  sioQilar  ooferva- 
tion. 
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Caulerbnry  haa  given  me  a  more  etriking  caw ;  he  sared  seed  h 
a  great  bed  of  twenty-four  iiaQinl  varieties  planted  in  cloeely  ad- 
joinio^  TOWS,  and  each  variety  reproduced  iteelf  truly  with  only 
Bometitnea  a  ahode  of  difference  in  tint.  Now  in  the  hoiiybock  Qui 
pollen,  which  is  abundant,  is  matured  and  nearl;  all  alied  before 
the  aticma  of  the  same  flower  is  read;  to  feceive  it ;  ™  and  as  bees 
covered  with  pollen  incessAntl;  fly  from  plant  to  plant,  it  would 
appear  that  alining  TBrieties  could  not  escape  being  crossed.  As, 
however,  this  does  not  occur,  it  appeared  to  me  probable  that  the 
pollen  of  each  variety  was  prepotent  on  its  own  stignin  over  tliat  of 
all  other  varieties,  but  1  have  no  evidence  on  this  point.  Mr.  C. 
Turner  of  Slough,  well  known  for  his  bucccm  in  the  cultivation  of 
this  plant,  informs  me  that  it  is  the  donblenees  of  the  flowers  which 
prevents  the  bees  Raining  access  to  the  pollen  and  stigma;  and  he 
finds  that  it  is  difficult  even  to  cross  them  artificially.  Whether 
this  explanation  will  fully  account  for  varieties  in  close  proximity 
propagating  themselves  so  truly  by  seed,  I  do  not  know. 

The  following  cases  are  worth  giving,  as  they  relate  to  moncecions 
forma,  which  do  not  require,  and  consequently  cnnnot  have  been 
injured  by,  castration.  Girou  dn  Buzareingues  crossed  what  he 
designates  three  varieties  of  goArd."  and  asserts  that  their  mutual 
fertiTisation  is  less  easy  in  proportion  to  the  difference  which  they 
present,  I  am  aware  how  imperfectly  the  forms  in  this  group  were 
until  recently  known ;  but  Sagcret,"  who  ranked  them  according  to 
their  mutual  fertility,  considers  the  three  forms  above  alluded  to  as 
varieties,  as-  does  a  far  higher  authority,  namely,  M.  Naudin." 
Bageret "  has  observed  that  certain  melons  have  a  greater  tendency, 
whatever  the  cause  maybe,  tokeep  true  than  others;  aDdH.Naudln, 
who  haa  had  such  immense  experience  in  this  group,  informs  me 
that  he  believes  that  certain  Tarieties  intercross  more  readily  than 
ottiers  of  the  same  apeciea;  but  he  has  not  proved  the  truth  of  this 
conclusion ;  the  frequent  abortion  of  the  pollen  near  Paris  being 
one  great  difficulty.  Nevertheless,  he  has  grown  close  blether, 
during  seven  yeara,  certain  forms  of  Citrutlus,  which,  as  tbcy 
could  be  artificially  crossed  with  perfect  facility  and  produced 
fertile  offspring,  are  ranked  as  vorietdes:  but  these  forms  when  not 
artiticially  eiiKecd  kept  true.  Many  other  varieties,  on  the  other 
hand,  in  the  same  gron^  cross  with  such  facility,  as  N.  Nandin 
repeatedly  insiats,  that  without  being  grown  far  apart  they  cannot 
be  kept  in  the  least  true. 

Another  case,  thongh  somewhat  different,  may  be  here  given,  as 


■*  KolreuUrfiKtobMivedthUfftcl. 
'  MrfiD.  J*  I'Aoul.  de  St.  PotimbutE,' 
vol.  iii.  p.  in.  Sfl  Ilio  C.  K. 
Spnnnl, '  DHKntdtcktc  Gsbcimniu,' 

"  Manwlir,  BaibarlaM,  Pulluoni. 
OlnnmoiKi:    'Anml.   da  St  Nit." 
ia.in,  {.p.  3H6  aaJ  405. 


"  •  &Umolr«  >ar  la  Cucurbiticw,' 

1816.  pp.  46,  55. 

"  'Ans*l«  do  Sc.  Nnt..'  4lh 
lerlM,  lorn.  rl.  M.  Nimdiii  coniidtn 
then  brnu  u  nDdonbtfdly  vuittlN 
of  ^mrffitt  pfpo^ 

"  'Ktm.  Cuciiih.,'  p,  8. 
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it  is  highly  remarkable,  and  is  established  on  excellent  evidence. 
K5lreater  minutely  describes  five  varieties  of  the  common  tobacco,** 
which  were  reciprocally  crossed,  and  the  ofiispring  were  intermediate 
in  character  and  as  fertile  as  their  parents :  from  this  fact  Kolreuter 
inferred  that  they  arc  really  varieties ;  and  no  one,  as  far  as  I  can 
discover,  seems  to  have  doubted  that  such  is  the  case.  He  also 
crossed  reciprocally  these  five  varieties  with  N.  giutiuosa,  and  they 
yielded  very  sterile  hybrids;  but  those  raised  from  the  var.  perennis, 
whether  used  as  the  father  or  mother  plant,  were  not  so  sterile  as 
the  hybrids  from  the  four  other  varietics.^^  So  that  the  sexual 
capacity  of  this  one  variety  has  certainly  been  in  some  degree 
modified,  so  as  to  approach  in  nature  that  of  A',  glaiinosaj''^ 

These  facts  with  respect  to  plants  show  that  in  some  few 
cases  certain  varieties  have  had  their  sexual  powers  so  far 
modified,  that  they  cross  together  less  readily  and  yield  less 
seed  than  other  varieties  of  the  Fame  species.  We  shall 
presently  see  that  the  sexual  functions  of  most  animals  and 
plants  are  eminently  liable  to  be  aflfected  by  the  conditions 
of  life  to  which  they  are  exposed ;  and  hereafter  we  shall 


"  *Zweite  Forts./  s.  53,  namely, 
Sicoiiana  major  vulgaris;  {2) peren- 
nia ;  (3)  transyivanica ;  (4)  a  sub- 
var.  of  the  last ;  (5)  major  latifol,  fl. 
alb. 

'*  Kolreuter  was  so  much  struck 
with  this  fact  that  he  suspected  that 
.1  little  pollen  of  N.  glutinosa  in  one 
of  hill  experiments  might  have  acci- 
dentally got  mingled  with  that  of 
vur.  pcrenniSy  and  thus  aided  its  fer- 
tilising power.  But  we  now  know 
conclusivelv  from  Gartner  (*  Bastar- 
derz.,'  s.  3i,  43)  that  the  pollen  of 
two  species  never  acts  conjointly  on  a 
third  species;  still  less  will  the  pollen 
of  a  distinct  species,  mingled  with  a 
plant's  own  pollen,  if  the  latter  be 
present  in  sutiicient  quantity,  have 
any  effect.  The  sole  effect  of  mingling 
two  kinds  of  pollen  is  to  produce  in 
th'j  same  capsule  seeds  which  yield 
plants,  some  taking  after  the  one  and 
some  after  the  other  parent. 

'^  Mr.  Scott  has  made  some  obser- 
vations on  the  absolute  sterility  of  a 
purple  nnd  white  primrose  {Primula 
vulgaris)  when  fertilised,  by  pollen 
from  the  common  primrose  (*  Journal 


of  Proc.  of  Linn.  Soc.,'  vol.  viii.,  18G4, 
p.  08);  but  these  observations  require 
conHrmation.  1  raised  a  number  of 
purple-flowered  long-styled  seedlings 
from  seed  kindly  sent  me  by  Mr. 
Scott,  and,  though  they  were  all  in 
some  degree  sterile,  they  were  much 
more  fertile  with  pollen  taken  from 
the  common  primrose  than  with  their 
own  pollen.  Mr.  Scott  has  likewise 
described  a  red  equal-styled  cowslip 
(P.  veriSf  ibid.  p.  106),  which  was 
found  by  him  to  be  highly  sterile 
when  crossed  with  the  common  cow- 
slip ;  but  this  was  not  the  case  with 
several  equal  -  styled  red  seedlings 
raised  by  me  from  his  plant.  This 
variety  of  the  cowslip  presents  the 
remarkable  peculiarity  of  combining 
male  organs  in  every  respect  like 
those  of  the  short-styled  form,  with 
female  organs  resembling  in  function 
and  partly  in  structure  those  of  the 
long-styled  form ;  so  that  we  have 
the  singular  anom.;ly  of  the  two 
forms  combined  in  the  same  flower. 
Hence  it  is  not  surprising  that  the.<« 
flowers  should  be  spontaneously  self- 
fertile  in  a  high  degree. 
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briefly  discuss  the  conjoint  bearing  of  this  fact,  and  others, 
on  the  difference  in  fertility  between  crossed  varieties  and 
crossed  species. 

Domestication  eliminates  the  tendency  to  Sterilily  which  is  general 

icith  Species  when  crossed. 

This  hypothesis  was  first  propounded  by  Pallas,-*  and  has 
been  adopted  by  several  authors.  I  can  find  hardly  any 
direct  facts  in  its  support;  but  unfortunately  no  one  has 
compared,  in  the  case  of  either  animals  or  plants,  the  fertility 
of  anciently  domesticated  varieties,  when  crossed  with  a 
distinct  species,  with  that  of  the  wild  parent  species  when 
similarly  crossed.  No  one  has  compared,  for  instance,  the 
fertility  of  Oallus  hankiva  and  of  the  domesticated  fowl,  when 
crossed  with  a  distinct  species  of  Gallus  or  Phasiauus ;  and 
the  experiment  would  in  all  cases  bo  surrounded  by  many 
difficulties.  Dureau  de  la  Mallo,  who  has  so  closely  studied 
classical  literature,  states  ^^  that  in  the  time  of  the  Koinans 
the  common  mule  was  i)roduced  with  more  difficulty  than  at 
the  present  day ;  but  whether  this  statement  may  be  ti-usted 
I  know  not.  A  much  more  important,  though  somewhat  dif- 
ferent, case  is  given  by  M.  Groenland,^°  namel3%  that  plants, 
known  from  their  intermediate  character  and  sterility  to 
bo  hybrids  between  yEgilops  and  wheat,  have  peri>etuated 
themselves  under  culture  since  1857,  with  a  rapid  hut  varying 
increase  of  fertility  in  each  generation.  In  the  fourth  genenitii)n 
the  plants,  still  retaining  their  intermediate  character,  had 
become  as  fertile  as  common  cultivated  wheat. 

The  indirect  evidence  in  favour  of  the  Pallasian  doctrine 
appears  to  mo  to  bo  extremely  strong.  In  the  earlier  chapters 
I  have  shown  that  our  various  breeds  of  the  dog  are  descended 
from  several  wild  species ;  and  this  probably  is  the  case  with 
sheep.  There  can  be  no  doubt  that  the  Zebu  or  humped 
Indian  ox  belongs  to  a  distinct  species  from  European  cattle  : 
the  latter,  moreover,  are  descended  from  two  forms,  which 
may  be  called  either  species  or  races.     We  have  good  evidence 

'•    *  Act.    Acad.    St.    Ptftcrsburg,*       (1st  series),  p.  61. 
1780,  part  ii.  pp.  84,  100.  »•  '  Bull.  Bot.  Soc.  de  France,'  Dec. 

"  '  Annalcs  des  Sc.  Nat.*  torn.  xxi.       27th,  1861.  torn.  viii.  p.  612. 


CiiAr.  XVL  INCREASED  FERTILITY  FROM  DOMESTICATION.   89 

that  our  domesticated  pigs  belong  to  at  least  two  specific 
types,  S.  scrofa  and  indicus.  Now  a  widely  extended  analogy 
leads  to  the  belief  that  if  these  several  allied  species,  when 
first  reclaimed,  had  been  crossed,  they  would  have  exhibited, 
both  in  their  first  unions  and  in  their  hybrid  oflfspring,  some 
degree  of  sterility.  Nevertheless,  the  several  domesticated 
races  descended  from  them  are  now  all,  as  far  as  can  be 
ascertained,  perfectly  fertile  together.  If  this  reasoning  be 
trustworthy,  and  it  is  apparently  sound,  we  must  admit  the 
Pallasian  doctrine  that  long-continued  domestication  tends 
to  eliminate  that  sterility  which  is  natural  to  species  when 
crossed  in  their  aboriginal  state. 

On  increased  FcrtilUy  from  Domestication  and  Cultivation. 

Increased  fertility  from  domestication,  without  any  refer- 
ence to  crossing,  may  be  here  briefly  considered.  This  subject 
bears  indirectly  on  two  or  three  points  connected  with  the 
modification  of  organic  beings.  As  Buffon  long  ago  re- 
marked,^^  domestic  animals  breed  oftener  in  the  year  and 
produce  more  young  at  a  birth  than  wild  animals  of  the  same 
species ;  they,  also,  sometimes  breed  at  an  earlier  ago.  The 
case  would  hardly  have  deserved  further  notice,  had  not 
some  authors  lately  attempted  to  show  that  fertility  increases 
and  decreases  in  an  inverse  ratio  with  the  amount  of  food. 
This  strange  doctrine  has  apparently  arisen  from  individual 
animals  when  supplied  with  an  inordinate  quantity  of  food, 
and  from  plants  of  many  kinds  when  grown  on  excessively 
rich  soil,  as  on  a  dunghill,  becoming  sterile:  but  to  this 
latter  point  I  shall  have  occasion  presently  to  return.  With 
hardly  an  exception,  our  domesticated  animals,  which  have 
been  long  habituated  to  a  regular  and  copious  supply  of  food, 
without  the  labour  of  searching  for  it,  are  more  fertile  than 
the  corresponding  wild  animals.  It  is  notorious  how  fre- 
quently cats  and  dogs  breed,  and  how  many  young  they 
produce  at  a  birth.     The  wild  rabbit  is  said  generally  to 

**    Quoted    by   If'id.   Geoflroy   St.  the  present  subject  ha«  appeared  in 

Hiiaire,    *  Hist.   Naturelle   Gi*n^rale,*  Mr.  Ilerbcrt  Spencer's  *  Principles  of 

torn.  iii.  p.  476.     Since  this  3IS.  has  Biology,*  vol.  ii.,  1867,  p.  457  ct  t<fq. 
been  sent  to  press  a  full  discussion  on 
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breed  four  times  yearly,  and  to  produce  each  time  at  most 
six  young ;  the  tame  rabbit  breeds  six  or  seven  times  yearly, 
producing  each  time  from  four  to  eleven  young ;  and 
Mr.  Harrison  Weir  tells  me  of  a  case  of  eighteen  young 
having  been  produced  at  a  birth,  all  of  which  survived. 
The  ferret,  though  generally  so  closely  confined,  is  more 
prolific  than  its  supposed  wild  prototype.  The  wild  sow  is 
remarkably  prolific ;  she  often  breeds  twice  in  the  year,  and 
boars  from  four  to  eight  and  sometimes  even  twelve  young ; 
but  the  domestic  sow  regularly  breeds  twice  a  year,  and  would 
breed  oftener  if  permitted  ;  and  a  sow  that  produces  less  than 
eight  at  a  birth  *'  is  worth  little,  and  the  sooner  she  is  fattened 
for  the  butcher  the  better."  The  amount  of  food  affects  the 
fertility  of  the  same  individual :  thus  sheep,  which  on  moun- 
tains never  produce  more  than  one  lamb  at  a  birth,  when 
brought  down  to  lowland  pastures  frequently  bear  twins. 
This  difference  apparently  is  not  due  to  the  cold  of  the  higher 
land,  for  bheep  and  other  domestic  animals  are  said  to  be  ex- 
tremely prolific  in  Lapland.  Hard  living,  also,  retards  the 
period  at  which  animals  conceive  ;  for  it  has  been  found  dis- 
advantageous in  the  northern  islands  of  Scotland  to  allow 
cows  to  bear  calves  before  they  are  four  years  old.^^ 

Birds  offer  still  better  cviclencc  of  increased  fertility  from  domesti- 
cation :  the  hen  of  the  wild  Uallus  huDkiva  lays  from  six  to  ten 
eggs,  a  number  which  would  be  thought  nothing  of  with  the 
domestic  hen.  The  wild  duck  lays  from  five  to  ten  eggs ;  the  tame 
one  in  the  course  of  the  year  from  eighty  to  one  hundred.  The  wild 
grey-lag  goose  lays  from  five  to  eight  eggs ;  the  tame  from  thirteen 
to  eighteen,  and  she  lays  a  second  time ;  as  Mr.  Dixon  has  remarked, 
"  high-feeding,  care,  and  moderate  warmth  induce  a  habit  of  proli- 
ficacy which  becomes  in  some  measure  hereditary."  Whether  the 
semi-domesticated  dovecot  pigeon  is  more  fertifo  than  the  wild 
rock-pigeon,  C.  livia,  I  know  not ;  but  the  more  thoroughly  domesti- 


•*  For  cats  and  dogs,  &c.,  sec  Bel- 
lingeri,  in  '  Annal.  des  Sc.  Nat.,*  2nd 
series,  Zoolog.,  torn.  lii.  p.  155.  For 
ferrets,  Bechstein,  *  Naturgcschichte 
Deutschlands,'  Band  i.,  I80I,  s.  78-3, 
795.  For  rabbits,  ditto,  s.  1 123, 1131; 
nnd  Bronn's  *  (jeschichte  der  Natur.,' 
B.  ii.  s.  99.  Fur  mountain  »heep, 
ditto,  s.  102.    For  the  fertility  of  the 


wild  sow,  see  Bechstoin's  *  Xaturgesch. 
Deutschlands,'  B.  i.,  1801,  s.  534;  for 
the  domestic  pig,  Sidney's  edit,  of 
Vouatt  on  the  Pig,  I860,  p.  62.  With 
respect  to  Lapland,  see  Acerbi's 
'Travels  to  the  North  Cape,'  Kng. 
translat.,  vol.  ii.  p.  222.  About  the 
Highland  cows,  see  Hogg  on  Sheep, 
p.  2G3. ' 
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cated  breeds  are  nearly  twice  as  fertile  as  dovecots:  the  latter, 
however,  when  caged  and  highly  fed,  become  equally  fertile  with 
house  pigeons.  I  hear  from  Judge  Cat  on  that  the  wild  turkey  in 
the  United  States  does  not  breed  when  a  year  old,  as  the  domesti- 
cated turkeys  there  invariably  do.  The  peahen  alone  of  domesti- 
cated birds  is  rather  more  fertile,  according  to  some  accounts,  when 
wild  in  its  native  Indian  home,  than  in  Europe  when  ex^wsed  to  our 
much  colder  climate.** 

With  respect  to  plants,  no  one  would  expect  wheat  to  tiller  more, 
and  each  ear  to  produce  more  grain,  in  poor  than  in  rich  soil ;  or  to 
get  in  poor  soil  a  heavy  crop  of  peas  or  beans.  Seeds  vary  so  much 
in  number  that  it  is  difficult  to  estimate  them ;  but  on  comparing 
beds  of  carrots  in  a  nursery  garden  with  wild  plants,  the  former 
seemed  to  produce  about  twice  as  much  seed.  Cultivated  cabbages 
yielded  thrice  as  many  pods  by  measure  as  wild  cabl)age8  from  the 
rocks  of  South  Wales.  The  excess  of  berries  produced  by  the  culti- 
vated asparagus  in  comparison  with  the  wild  plant  is  enormous. 
No  doubt  many  highly  cultivated  plants,  such  as  pears,  pineapples, 
bananas,  sugar-cane,  &c.,  are  nearly  or  quite  sterile;  and  I  am 
inclined  to  attribute  this  sterility  to  excess  of  food  and  to  other 
unnatural  conditions ;  but  to  this  subject  I  shall  recur. 

In  some  cases,  as  with  the  pig,  rabbit,  &c.,  and  with  thoso 
plants  which  are  valued  for  their  seed,  tho  direct  selection  of 
the  more  fertile  individuals  has  probably  much  increased 
their  fertility;  and  in  all  cases  this  may  have  occurred  in- 
directly', from  tho  better  chance  of  some  of  tho  numerous 
offspring  from  the  more  fertile  individuals  having  been  pre- 
served. But  with  cats,  ferrets,  and  dogs,  and  with  plants 
like  can'ots,  cabbages,  and  asparagus,  which  are  not  valued 
for  their  prolificacy,  selection  can  have  played  only  a  sub- 
ordinate part;  and  their  increased  fertility  must  bo  attributed 
to  tho  more  favourable  conditions  of  life  under  which  they 
have  long  existed. 


^  For  the  eggs  of  Gaihis  ftanbv ', 
8CC  BIyth,  in  'Annals  an-l  Mag.  of 
Nat.  Hist./  2nd  series,  vol.  i.,  1848, 
p.  456.  For  wild  and  tame  duck"*, 
Macgillivray,  *  British  Birds,*  vol.  v. 
p.  37 ;  and  *  Die  Knten,*  5.  87.  For 
wild  geese,  L.  Lloyd,  '  Scandinavian 
Adventures,*  vol.  ii.  18r>4,  1*.  413; 
and  for  tame  goesc,  *  Ornamental 
Poultry,'  by  Hev.  E.  S.  Dixon,  p.  139. 
On  the  breeding  of  Pigeons,  Pistor, 
*  Das  Ganzo  der  Taubenzucht,*  1831, 
I.  46 ;  and  Boitard  and  Corbie   *  Les 


Pigeons*  p.  l'>8.  With  res|>ect  to 
pcar<»rks,  according  to  Teniminck 
(*  HiNt.  Xat.  Gen.  dcs  Pigeons,*  &c., 
1813,  torn.  ii.  p.  41),  the  hen  lays  in 
India  even  as  many  as  twenty  eggs; 
but  according  to  Jenlon  and  another 
writer  (quoted  in  Tcgotmeier*» 
*  Poultry  Book,*  180(5,  pp.  280,  282), 
she  there  lays  only  from  four  to  nine 
or  ton  eggs :  in  Knglaad  she  is  said, 
in  the  *  Poultry  Book,*  to  lay  five  or 
MX,  but  another  writer  says  from 
eight  to  twelve  eggs. 
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CHAPTER  XVII. 

ON   THE  GOOD   EFFECTS  OP  CROSSING,   AND  ON   THE   EVIL   EFFECTS 

OF   CLOSE  INTERBREEDING. 

DEFINITION  OK  CLOSE  INTERBREEDING — AUGMENTATION  OF  MORBID  TEN- 
DENCIES— GENERAL  EVIDENCE  OF  THE  GOOD  EFFECTS  DERIVED  FR05I 
CROSSING,  AND  ON  THE  EVIL  EFFECTS  FROM  CLOSE  INTERBREEDING — 
CATTLE,  CLOSELY  INTERBRED;  HALF-WILD  CATTLE  LONG  KEPT  IN  THE 
SAME  FARES — SHEEP — FALLOW-DEER — DOGS,  BABBITS,  PIGS — MAN,  ORIGIN 
OP  HIS  ABHORRENCE  OF  INCESTUOUS  MARRIAGES — FOWLS — PIGEONS — HIVE- 
BEES — PLANTS,  GENERAL  CONSIDERATIONS  ON  THE  BENEFITS  DERIVED  FROM 
CROSSING — MELONS,  FRUIT-TREES,  PEAS,  CABBAGES,  WHEAT,  AND  FOREST- 
TREES — ON  THE  INCREASED  SIZE  OF  HYBRID  PLANTS,  NOT  EXCLUSIVELY 
DUE  TO  THEIR  STERILITY — ON  CERTAIN  I LANTS  WHICH  EITHER  NOR- 
BIALLY  OR  ABNORMALLY  ARE  8ELF-IM POTENT,  BUT  ARE  FERTILE,  BOTH 
ON  THE  MALE  AND  FEMALE  SIDE,  WHEN  CROSSED  WITH  DISTINCT  INDI- 
VIDUALS EITHER  OF  THE  SAME  OR  ANOTHER  SPECIES — CONCLUSION. 

The  gain  in  constitutional  vigour,  derived  from  an  occa«ional 
cross  between  individuals  of  the  same  variety,  but  belonging 
to  distinct  families,  or  between  distinct  varieties,  has  not 
been  so  largely  or  so  frequently  discussed,  as  have  the  evil 
eflfects  of  too  close  interbreeding.  But  the  former  point  is 
the  more  important  of  the  two,  inasmuch  as  the  evidence  is 
more  decisive.  The  evil  results  from  close  interbreeding  are 
difficult  to  detect,  for  they  accumulate  slowly,  and  differ 
much  in  degree  with  different  species ;  whilst  the  good  effects 
which  almost  invariably  follow  a  cross  are  from  the  first 
manifest.  It  should,  however,  bo  clearly  understood  that  the 
advantage  of  close  interbreeding,  as  far  as  the  retention  of 
character  is  concerned,  is  indisputable,  and  often  outweighs 
the  evil  of  a  slight  loss  of  constitutional  vigour.  In  relation 
to  the  subject  of  domestication,  the  whole  question  is  of  some 
importance,  as  too  close  interbreeding  interferes  with  the 
improvement  of  old  races.  It  is  important  as  indirectly 
bearing  on  Hybridism  ;  and  possibly  on  the  extinction  of 
species,  when  any  form  has  become  so  rare  that  only  a  few 
individuals  remain  within  a  confined  area.     It  bears  in  an 
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important  manner  on  the  influence  of  free  intercrossing,  in 
obliterating  individual  differences,  and  thus  giving  uniformity 
of  character  to  the  individuals  of  the  same  race  or  species ;  for 
if  additional  vigour  and  fertility  he  thus  gained,  the  crossed 
offspring  will  multiply  and  prevail,  and  the  ultimate  result 
will  be  far  greater  than  otherwise  would  have  occurred.  Lastl}', 
the  question  is  of  high  interest,  as  bearing  on  mankind.  I  shall 
therefore  discuss  this  subject  at  full  length.  As  the  facts  which 
prove  the  evil  effects  of  close  interbreeding  are  more  copious, 
though  less  decisive,  than  those  on  the  good  effects  of  crossing, 
I  shall,  under  each  group  of  beings,  begin  with  the  former. 

There  is  no  difficulty  in  defining  what  is  meant  by  a  cross ; 
but  this  is  by  no  means  easy  in  regard  to  "  breeding  in  and 
in "  or  *'  too  close  interbreeding,"  because,  as  we  shall  see, 
different  species  of  animals  are  differently  affected  by  the 
same  degree  of  interbreeding.  The  pairing  of  a  father  and 
daughter,  or  mother  and  son,  or  brothers  and  sisters,  if  carried 
on  during  several  generations,  is  the  closest  possible  form  of 
interbreeding.  But  some  good  judges,  for  instance  Sir  J. 
Sebright,  believe  that  the  pairing  of  a  brother  and  sister  is 
much  closer  than  that  of  parents  and  children  ;  for  when  the 
father  is  matched  with  his  daughter  ho  crosses,  as  is  said, 
with  only  half  his  o^-n  blood.  The  consequences  of  close 
interbreeding  carried  on  for  too  long  a  time,  are,  as  is  generally 
Ixjlieved,  loss  of  size,  constitutional  vigour,  and  fertility, 
sometimes  accompanied  by  a  tendency  to  malformation. 
Manifest  evil  does  not  usually  follow  from  pairing  the  nearest 
relations  for  two,  three,  or  even  four  generations ;  but  several 
causes  interfere  with  our  detecting  the  evil — such  as  the 
deterioration  being  very  gradual,  and  the  difficulty  of  dis- 
tinguishing between  such  direct  evil  and  the  inevitable 
augmentation  of  any  morbid  tendencies  which  may  be  latent 
or  apparent  in  the  related  parents.  On  the  other  hand,  the 
bcnelit  from  a  cross,  even  when  there  has  not  been  any  very 
close  interbreeding,  is  almost  invariably  at  once  conspicuous. 
There  is  good  reason  to  believe,  and  this  was  the  opinion  of 
that  most  experienced  observer  Sir  J.  Sebright,^  that  the  evil 

»  'The  Art  of  Improving  the  Brccl,  &c./  1809,  p.  16. 
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ofibcts  of  close  interbreeding  may  l)0  checked  or  quite  pre- 
vented by  the  related  individuals  being  separated  for  a  few 
generations  and  exposed  to  different  conditions  of  life.  This 
conclusion  is  now  held  by  many  breeders ;  for  iiistance  Mr. 
Carr^  remarks,  it  is  a  well-known  "  fact  that  a  change  of  soil 
and  climate  effects  perhaps  almost  as  great  a  change  in  the 
constitution  as  would  result  from  an  infusion  of  fresh  blood." 
I  hope  to  show  in  a  future  work  that  consanguinity  by  itself 
counts  for  nothing,  but  acts  solely  from  related  organisms  gene- 
rally having  a  similar  constitution,  and  having  been  exposed 
in  most  cases  to  similar  conditions. 

That  any  evil  directly  follows  from  the  closest  interl^reeding 
has  been  denied  by  many  persons ;  but  rarely  by  any  practical 
breeder  ;  and  never,  as  far  as  I  know,  by  one  who  has  largely 
bred  animals  which  propagate  their  kind  quickly.  Many 
physiologists  attribute  the  evil  exclusively  to  the  combination 
and  consequent  increase  of  morbid  tendencies  common  to  both 
parents;  and  that  this  is  an  active  source  of  mischief  there 
can  be  no  doubt.  It  is  unfortunately  too  notorious  that  men 
and  various  domestic  animals  endowed  with  a  wretched 
constitution,  and  with  a  strong  hereditary  disposition  to 
disease,  if  not  actually  ill,  are  fully  capable  of  procreating 
their  kind.  Close  interbreeding,  on  the  other  hand,  often 
induces  sterility  ;  and  this  indicates  something  quite  distinct 
from  the  augmentation  of  morbid  tendencies  common  to  both 
parents.  The  evidence  immediately  to  be  given  convinces  me 
that  it  is  a  great  law  of  nature,  that  all  organic  beings  profit 
from  an  occasional  cross  with  individuals  not  closely  related 
to  them  in  blood ;  and  that,  on  the  other  hand,  long-continued 
close  interbreeding  is  injurious. 

Various  general  considerations  have  had  much  influence  in 
leading  me  to  this  conclusion ;  but  the  reader  will  probably 
rely  more  on  special  facts  and  opinions.  The  authority  of 
experienced  observers,  even  when  they  do  not  advance  the 
grounds  of  their  belief,  is  of  some  little  value.  Kow  almost 
all  men  who  have  bred  many  kinds  of  animals  and  have 
written   on    the   subject,  such  as  Sir  J.    Sebright,    Andrew 

*  •  The  History  of  the  Rise  and    Prrgre>s  of  the  KilUrby,  &c.  Herds,'  p.  41. 
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Kniglit,  &c.y^  have  expressed  the  strongest  conviction  on  the 
impossibility  of  long-continued  close  interbreeding.  Those 
who  have  compiled  works  on  agricnlture,  and  have  associated 
much  with  breeders,  such  as  the  sagacious  Youatt,  Low,  &c., 
have  strongly  declared  their  opinion  to  the  same  effect. 
Prosper  Lucas,  trusting  largely  to  French  authorities,  has 
come  to  a  similar  conclusion.  The  distinguished  German 
agriculturist  Hermann  von  Nathusius,  who  has  written  the 
most  able  treatise  on  this  subject  which  I  have  met  with, 
concurs ;  and  as  I  shall  have  to  quote  from  this  treatise,  I 
may  stato  that  Nathusius  is  not  only  intimately  acquainted 
with  works  on  agriculture  in  all  languages,  and  knows  the 
pedigrees  of  our  British  breeds  better  than  most  Englishmen, 
but  has  imported  many  of  our  improved  animals,  and  is  him- 
self an  exjxjrienced  breeder. 

Evidence  of  the  evil  effects  of  close  interbreeding  can  most 
readily  be  acquired  in  the  case  of  animals,  such  as  fowls, 
pigeons,  (fee,  which  propagate  quickly,  and,  from  being  kept 
in  the  same  place,  are  exposed  to  the  same  conditions.  Now 
I  have  inquired  of  very  many  breeders  of  these  birds,  and  I 
have  hitherto  not  met  with  a  single  man  who  was  not 
thoroughly  convinced  that  an  occasional  cross  with  another 
strain  of  the  same  siib-variety  was  absolutely  necessary. 
Most  breeders  of  highly  improved  or  fancy  birds  value  their 
own  strain,  and  are  most  unwilling,  at  the  risk,  in  their 
opinion,  of  deterioi'ation,  to  make  a  cross.  The  purchase  of  a 
first-rate  bird  of  another  strain  is  expensive,  and  exchanges 
are  troiiblesome ;  3'et  all  breeders,  as  far  as  I  can  hear,  ex- 
cepting those  who  keep  largo  stocks  at  different  places  for 
the  sake  of  crossing,  are  driven  after  a  time  to  take  this  step. 

Another  general  consideration  which  has  had  great  influence 
on  my  mind  is,  that  with  all  hermaphrodite  animals  and 
plants,  which  it  might  have  been  thought  would  have  per- 
jietually  fertilised  themselves  and  been  thus  subjected  for  long 
ages  to  the  closest  interbreeding,  there  is  not  a  single  species, 
as  far  as  I  can  discover,  in  which  the  struoture  ensures  self- 
fertilisation.     On  the  contrary,  there  are  in  a  multitude  of 

*  For    Andrew     Knight,    uv    A.       227.     Sir  J.  Sebright**  Treatise  hai 
Walker,  on  *  Intermnrriage,*  1838,  p.       ju<t  l>een  qnolei. 
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cases,  as  briefly  stated  in  the  fifteenth  chapter,  manifest 
adaptations  which  favour  or  inevitably  lead  to  an  occasional 
cross  between  one  hermaphrodite  and  another  of  the  same 
species  ;  and  these  adaptive  structures  are  utterly  purposeless, 
us  far  as  we  can  see,  for  any  other  end. 

With  Cattle  there  can  be  no  doubt  that  extremely  close  inter- 
breeding may  be  long  carried  on  advantageously  with  respect  to 
external  characters,  and  with  no  manifest  evil  as  far  as  constitution 
is  concerned.  The  case  of  Bakewell's  Longhorns,  which  were 
closely  interbred  for  a  long  period,  has  often  been  quoted;  yet 
Youatt  says  *  the  breed  "  had  acquired  a  delicacy  of  constitution 
inconsistent  with  common  management,"  and  "  the  propagation  of 
the  species  was  not  always  certain."  But  the  Shorthorns  offer  the 
most  striking  case  of  close  interbreeding ;  for  instance,  the  famous 
bull  Favourite  (who  was  himself  the  offspring  of  a  half-brother  and 
sister  from  Foljambe)  was  matched  with  his  own  daughter,  grand- 
daughter, and  great-granddaughter ;  so  that  the  produce  of  this 
last  union,  or  the  great-great-granddaughter,  had  15-16ths,  or 
y3'75  per  cent,  of  the  blooil  of  Fayourite  in  her  veins.  This  cow 
was  matched  with  the  bull  Wellington,  having  62*5  per  cent,  of 
Favourite  blood  in  his  veins,  and  produced  Clarissa ;  Clarissa  was 
matched  with  the  bull  Lancaster,  having  68*75  of  the  same  blood, 
and  she  yielded  valuable  offspring.*  Nevertheless  Collings,  who 
reared  these  animals,  and  was  a  strong  advocate  for  close  breeding, 
once  crossed  his  stock  with  a  Galloway,  and  the  cows  from  this 
cross  realised  the  highest  prices.  Bates's  herd  was  esteemed  the 
most  celebrated  in  the  world.  For  thirteen  years  he  bred  most 
closely  in  and  in ;  but  during  the  next  seventeen  years,  though  ho 
had  the  most  exalted  notion  of  the  value  of  liis  ovn\  stock,  he  thrico 
infused  fresh  blood  into  his  herd  :  it  is  said  that  he  did  this,  not  to 
improve  the  form  of  his  animals,  but  on  account  of  their  lessened 
fertility.    Mr.  Bates's  own  view,  as  given  by  a  celebrated  breeder,* 


«  *  Cattle,*  p.  199. 

*  1  give  this  on  the  authority  of 
Kathusius,  *■  Ueber  Shorthorn  Itind- 
rieh,*  IS.';?,  s.  71  {see  also '  Gardener's 
Chronicle,'  1860,  p.  270).  But  Mr. 
J.  Storer,  a  large  breeder  of  cattle, 
informs  me  that  the  parentage  of 
Clarissa  is  not  well  authenti(uited.  In 
the  first  v<»l.  of  the  *  Herd  Book,*  she 
was  entered  as  having  six  descents 
from  Favourite,  "  which  was  a  palpa- 
ble mistake,"  and  in  all  subsequent 
editions  she  was  spoken  of  as  having 
only  four  descents.  Mr.  Storer  doubts 
even  about  the  four,  as  no  names  of 


the  dams  are  given.  Moreover,  Cla- 
rissa bore  **  only  two  bulls  and  one 
heifer,  and  in  the  next  generation  her 
progeny  became  extinct."  Analogous 
cases  ot  close  interbreeding  are  given 
in  a  pamphlet  published  by  Mr.  C. 
Macknight  and  Dr.  U.  Madden,  *  On 
the  True  Principles  of  Breeding ;  * 
Melbourne,  Australia,  1865. 

•  Mr.  Willoughby  Wood,  in  *  Gar- 
dener's Chronicle,*  1855,  p.  411  ;  and 
1860,  p.  270.  ^ce  the  very  clear 
tables  and  pc<ligrees  given  in  Xathu- 
^i^ls'M:indvieh,'K.  72-77. 
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was,  that  "  to  breed  in-and-in  from  a  bad  stock  was  ruin  and  de- 
vastation; yet  that  the  practice  may  be  safely  followed  within 
certain  limits  when  the  parents  so  related  are  descended  from  first- 
rate  animals."  We  thus  see  that  there  has  been  much  close  inter- 
breeding with  Shorthorns ;  but  Nathusius,  after  the  most  careful 
study  of  their  pedigrees,  says  that  he  can  find  no  instance  of  a 
bn^eder  who  has  strictly  followed  this  practice  during  his  whole 
life.  From  this  study  and  his  own  experience,  he  concludes  that 
close  interbreeding  is  necessary  to  ennoble  the  stock ;  but  that  in 
ofifecting  this  the  greatest  care  is  necessary,  on  account  of  the  ten- 
dency to  infertility  and  weakness.  It  may  be  added,  that  another 
high  authority  ^  asserts  that  many  more  calves  are  bom  cripples 
from  Shorthorns  than  from  other  and  less  closely  interbred  races 
of  cuttle. 

Although  by  carefully  selecting  the  best  animals  (as  Nature 
effectually  does  by  the  law  of  battle)  close  interbreeding  may  be 
long  carried  on  with  cattle,  yet  the  good  effects  of  a  cross  between 
almost  any  two  breeds  is  at  once  shown  by  the  greater  size  and 
vigour  of  the  offspring;  as  Mr.  Spooncr  writes  to  me,  "crossing 
distinct  breeds  certainly  improves  cattle  for  the  butcher."  Such 
crossed  animals  are  of  course  of  no  value  to  the  breeder ;  but  they 
have  been  raised  during  many  years  in  several  parts  of  England  to 
bo  slaughtered ;  *  and  their  merit  is  now  so  fully  recogni^,  that 
at  fat-cattle  shows  a  separate  class  has  l)een  formed  foe  their  re- 
ception. The  best  fat  ox  at  the  great  show  at  Islington  in  1862 
was  a  crossed  animal. 

The  half-wild  cattle,  which  have  been  kept  in  British  parks  pro- 
l>ably  for  400  or  500  years,  or  even  for  a  longer  period,  have  been 
advanced  by  Culley  and  others  as  a  case  of  long -continued  inter- 
breeding within  the  limits  of  the  same  herd  without  any  consequent 
injury.  With  respect  to  the  cattle  at  Chillingham,  the  late  Lord 
Tankerville  ownea  that  they  were  bad  breeders.*  The  agent,  Mr. 
Hardy,  estimates  (in  a  letter  to  me,  dated  May,  1861)  that  in  the 
herd  of  about  fifty  the  average  number  annually  slaughtered,  killed 
by  fighting,  and  dying,  is  about  ten,  or  one  in  five.  As  the  herd 
is  kept  up  to  nearly  the  same  average  number,  the  annual  rate  of 
increase  must  bo  likewise  al)Out  one  in  five.  The  bulls,  I  may  add, 
engage  in  furious  battles,  of  which  battles  the  present  Lord  Tan- 
kerville has  given  me  a  graphic  description,  so  that  there  will 
always  Ix)  rigorous  selection  of  the  most  vigorous  males.  I  pro- 
cured in  1855  from  Iklr.  D.  Gardner,  agent  to  the  Duke  of  Hamilton, 

'  Mr.  Wright,  *  Journal  of  Royal  hrcd  his  herd  in-nnd-in  for  some  yoais, 

Aj^ricult.  Soc./ vol.  vii.,  1846,  p.  204.  "lost   in   one   season    twenty -eight 

Mr.  J.  Downing  (a  successful  breeder  calves  solely  from  want  of  conftitu- 

of  Shorthorns  in  Ireland)  informs  me  tion." 

that  the  rai.sers  of  the  great  families  •  Youatt  on  Cattle,  p.  202. 

of  Shorthorns  carefully  conceal  their  •  *  Report   British   Assoc.,   Zoolcg, 

sterility  and  want  of  constitution.  He  Sect.,*  1838. 
»1U  that  Mr.  Bates,  after   he   had 
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the  followiDg  account  of  the  wild  cattle  kept  in  the  Duke's  park  in 
Lanarkshire,  which  is  alx)ut  200  acres  in  extent.  The  number  of 
cattle  varies  from  sixty-fivo  to  eighty ;  and  the  number  annually 
killed  (I  presume  by  all  causes)  is  from  eight  to  ten ;  so  that  thj 
annual  rate  of  increase  can  hardly  bo  more  than  one  in  six.  Now 
in  South  America,  where  the  herds  are  half-wild,  and  therefore 
oflTer  a  nearly  fair  standard  of  comjmrison,  according  to  Azara  tho 
natural  increase  of  the  cattle  on  an  cstancia  is  from  one-third  to 
one-fourth  of  the  total  nimiber,  or  one  in  between  three  and  four ; 
and  this,  no  doubt,  applies  exclusively  to  adult  animals  fit  for  con- 
sumption. Hence  the  half-wild  British  cattle  which  have  long 
interbred  within  the  hmits  of  the  same  herd  are  relatively  far  less 
fertile.  Although  in  an  unenclosed  country  like  Paraguay  there 
must  be  some  crossing  between  the  different  herds,  yet  even  there 
the  inhabitants  believe  that  the  occasional  introduction  of  animals 
from  distant  localities  is  necessary  to  prevent "  degeneration  in  size 
and  diminution  of  fertility."  *°  The  decrease  in  size  from  ancient 
times  in  the  Chillingham  and  Hamilton  cattle  must  have  been  pro- 
digious, for  Professor  Kiitimeyer  has  shown  that  they  are  almost 
certainly  the  descendants  of  the  gigantic  Bos  primigenius.  No 
doubt  this  decrease  in  size  may  be  largely  attributed  to  less  favour- 
able conditiops  of  life;  yet  animals  roaming  over  large  parks,  and 
fed  during  severe  winters,  can  hardly  be  considered  as  placed  under 
very  unfavourable  conditions. 

With  SU'-p  there  has  often  been  long-continued  interbreeding 
within  the  limits  of  the  same  flock ;  but  whether  the  nearest  rela- 
tions have  been  matched  so  frequently  as  in  the  case  of  Shorthorn 
cattle,  I  do  not  know.  The  Messrs.  Brown  during  fifty  years  have 
never  infused  fresh  blood  into  their  excellent  flock  of  Leicesters. 
Since  1810  Mr.  Barford  has  acted  on  the  same  principle  with  the 
Foscote  flock.  He  asserts  that  half  a  century  of  experience  has 
convinced  liim  that  when  two  nearly  related  animals  are  quite 
sound  in  constitution,  inand-in  breeding  does  not  induce  dege- 
neracy ;  but  he  adds  that  he  "  does  not  pride  himself  on  breeding 
from  the  nearest  affinities."  In  France  the  Naz  flock  has  been  bred 
for  sixty  yeai-s  without  the  introduction  of  a  single  strange  ram." 
Nevertheless,  most  great  breeders  of  sheep  have  protested  against 
close  interbreeding  prolonged  for  too  great  a  length  of  time."  The 
most  celebrated  of  recent  breeders,  Jonas  Webb,  kept  five  separate 
families  to  work  on,  thus  "  retaining  the  requisite  distance  of  rela- 
tionship between  the  sexes;**"  and  what  is  probably  of  greater 
importance,  the  separate  flocks  will  have  been  exposed  to  somewhat 
diflferent  conditions. 

*•  Azara,    *  Quail riii)^Jes   du  Para-  flock,   *  Bull,  do  la  Sec.  d*.\cclimat.,* 

guay/  toin.  ii.  pp.  354,  .')68.  1860,  p.  477. 

"  For    the    case   of    the    Messrs.  •*  Mathusius,    *  Kindvieh,*   s.    65; 

Brown,  5tv  'Gard.  Chronicle,'    1835,  Vouatt  on  Sheep,  p.  405. 

p.  26.     For  the  Koscote  flock,  *Gard.  "  *  Oard.  Chronicle,'  1801,  p.  631. 
hhron.,'  1860,  p.  416.      For  the  Naz 
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Although  by  the  aid  of  careful  selection  the  near  interbreeding 
of  sheep  may  be  long  continued  without  any  manifest  evil,  yet  it 
has  often  been  the  practice  with  farmers  to  cross  distinct  breeds  to 
obtain  animals  for  the  butcher,  which  plainly  shows  that  good  of 
some  kind  is  derived  from  this  practice.  We  have  excellent  evi- 
dence on  this  head  from  Mr.  S.  Druce,"  who  gives  in  detail  the 
comparative  numbers  of  four  pure  breeds  and  of  a  cross-breed 
which  can  be  supported  on  the  same  ground,  and  ho  gives  their  pro- 
duce in  fleece  and  carcase.  A  high  authority,  Mr.  Pusey,  sums  up 
the  result  in  money  value  during  an  equal  length  of  time,  namely 
(neglecting  shillings),  for  Cotswolds  248/.,  for  Leicesters  223/.,  for 
Southdowns  204/.,  for  Hampshire  Downs  264/.,  and  for  the  cross- 
bred 293/.  A  former  celebrated  breeder.  Lord  Somervillc,  states 
that  his  half'breeds  from  Byelands  and  Spanish  sheep  were  larger 
animals  than  either  the  pure  Byelands  or  pure  Spanish  sheep. 
Mr.  Spooner  concludes  his  excellent  Essay  on  Crossing  by  asserting 
that  there  is  a  pecuniary  advantage  in  judicious  cross-breeding, 
especially  when  the  male  is  larger  than  the  female." 

As  some  of  our  British  parks  are  ancient,  it  occurred  to  me  that 
there  must  have  been  long-continued  close  interbreeding  with  the 
fallow-deer  (Ccrvi<«  dama)  kept  in  them ;  but  on  inquiry  I  find  that 
it  is  a  common  practice  to  infuse  new  blood  by  procuring  bucks 
from  other  parks.  Mr.  Shirley,^*  who  has  carefully  studied  the 
management  of  deer,  admits  that  in  some  parks  there  has  been  no 
admixture  of  foreign  blood  from  a  time  beyond  the  memory  of  man. 
But  he  concludes  "  that  in  the  end  the  constant  breeding  in-and-in 
is  sure  to  tell  to  the  disadvantage  of  the  whole  herd,  though  it 
may  take  a  very  long  time  to  prove  it;  moreover,  when  we  find, 
as  is  very  constantly  the  case,  that  the  introduction  of  fresh  blood 
'*  has  been  of  the  very  greatest  use  to  deer,  both  by  improving  their 
"  size  and  appearance,  and  particularly  by  being  of  service  in  re- 
"  moving  the  taint  of '  rickback,'  if  not  of  other  diseases,  to  which 
"  deer  are  sometimes  subject  when  the  blood  has  not  been  changed, 
•*  there  can,  I  think,  be  no  doubt  but  that  a  judicious  cross  with  a 
"  good  stock  is  of  the  greatest  consequence,  and  is  indeed  essential, 
"  sooner  or  later,  to  the  prosperity  of  every  well-ordered  park." 

Mr.  Meynell's  famous  foxhounds  have  been  adduced,  as  showing 
that  no  ill  effecfs  follow  from  close  interbreeding;  and  Sir  J. 
Sebright  ascertained  from  him  that  he  frequently  br«l  from  father 
and  daughter,  mother  and  son,  and  sometimes  even  from  brothers 
and  sisters.  With  greyhounds  also  there  has  been  much  close 
interbreeding,  but  the  best  breeders  agree  that  it  may  be  carried 


« 


'*  *  Journal  U.  Agricult.  Soc.,*  vol.  ii.      See  also  an  excellent  paper  on 

liv.,  1853,  p.  212.  the  same  subjcctin  *  Card.  Chronicle,* 

"Lord     Somerville,     *  FacU     on  18G0,  p.  321,  by  Mr.  Charles  Howard. 
Sheep  and   Husbandry,'   p.   6.     Mr.  '•  *  Some  Account  of  English  Deer 

Spooner,  in  *  Journal  of  Royal  Agri-  Parks/  by  Evelyn  P.  Shirley,  1867. 
cult.  Soc.  of  England,*  vol.  xx.  pnrt 
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too  far."  But  Sir  J.  Sebright,  declares,"  that  by  breeding  in-and-in, 
by  which  he  means  matching  brothers  and  sisters,  he  has  actually 
seen  the  offspring  of  strong  spaniels  degenerate  into  weak  and 
diminutive  lapdogs.  The  Rev.  W.  D.  Fox  has  communicated  to 
me  the  case  of  a  small  lot  of  bloodhounds,  long  kept  in  the  same 
family,  which  had  become  very  bad  brt-eders,  and  nearly  all  had  a 
bony  enlargement  in  the  tail.  A  single  cross  with  a  distinct  strain 
of  bloodhounds  restored  their  fertility,  and  drove  away  the  tendency 
to  malformation  in  the  tail.  I  have  heard  the  particulars  of  an- 
other case  with  bloodhounds,  in  which  the  female  had  to  be  held  to 
the  male.  Considering  how  rapid  is  the  natural  increase  of  the 
dog,  it  is  difficult  to  understand  the  large  price  of  all  highly  im- 
proved breeds^  which  almost  implies  long-continued  close  inter- 
breeding, except  on  the  belief  that  this  process  lessens  fertility 
and  increases  liability  to  distemper  and  other  diseases.  A  high 
authority,  Mr.  Scrope,  attributes  the  rarity  and  deterioration  in 
size  of  the  Scotch  deerhound  (the  few  individuals  formerly  existing 
throughout  the  country-  being  all  relatal)  in  large  part  to  close 
interbreeding. 

With  all  highly-bred  animals  there  is  more  or  less  difficulty  in 
getting  them  to  procreate  quickly,  and  all  suffer  much  from  delicacy 
of  constitution.  A  great  judge  of  rabbits ''•' says,  "the  long-eared 
does  are  often  too  highly  bred  or  forced  in  their  youth  to  be  of  much 
value  as  breeders,  often  turning  out  barren  or  bad  mothers." 
They  often  desert  their  young,  so  that  it  is  necessary  to  have 
nurse-rabbi tw,  but  I  do  not  pretend  to  attribute  all  these  evil  results 
to  close  interbreeding.'^ 

With  rcsjKJct  to  J^if/s  there  is  more  unanimity  amongst  breeders 
on  the  evil  effects  of  close  interbreeding  than,  jx^rhape,  with  any 
other  large  animal.  Mr.  Druce,  a  great  and  successful  breeder  of 
the  Improved  Oxfordshircs  (a  crossed  race),  writes,  "without  a 
change  of  lx)ars  of  a  different  tribe,  but  of  the  same  breed,  constitu- 
tion cannot  be  i)reserved."     Mr.  Fisher  Ilobbs,  the  raiser  of  the 


"  StoDchengo, '  The  Dog,'  1867,  jip. 
175-188. 

*•  'The  Alt  of  Improving  the 
Ilree<l,'  &c.,  j>.  13.  With  respect  to 
S<'otch  (leerhouDils,  see  Scrope 'jj  *Art 
of  Deer  Stalking,*  pp.  3r)0-:5o3. 

'•  *  Cottage  Oaraener,'  18G1,  p.  327. 

*•  Mr.  Huth  gives  (*  The  Marriage 
«»f  Near  Kin,*  1875,  p.  302)  from  the 
•  liulletin  «ie  TAcad.  R.  de  Med.  dc 
Brigirjue'  (vol.  ix.,  18G0,  pp.  287, 
3m5),  several  statements  made  by  a 
M.  Legrain  with  respoct  to  crossing 
brother  and  sister  rabbits  for  five  or 
six  sticccssive  generations  with  no 
consc'quent  evil  results.  1  was  so 
much  surprised  at  this  account,  and 


at  M.  I^grain*s  invariable  success 
in  his  cxperiuients,  that  I  wrote  to  a 
distinguished  naturalist  in  Belgium 
to  inquire  whether  M.  Legrain  was  a 
trustworthy  observer.  In  answer,  1 
have  heard  that,  as  doubts  were  ex- 
pressed about  the  authenticity  of  these 
experiments,  a  commission  of  inquiry 
was  appointed,  and  that  at  a  suc- 
ceeding meeting  of  the  Society  (*  Bull, 
de  TAcad.  K.  de  Med.  de  Beigiquc,* 
1867,  3rd  series.  Tome  1,  No.  i  to 
5),  Dr.  Cror<|  repoited  **  qu*il  ^tait 
maU'riellemont  impossible  que  M.  Le- 
grain ait  fait  les  experiences  qu*il 
annonce."  To  this  public  acctisatioa 
no  satisfact«\ry  answer  was  made. 
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celebrated  Improved  Essex  breed,  divided  bis  stock  into  three 
separate  families,  by  which  means  he  maintained  the  breed  for 
more  than  twenty  years,  **by  judicious  selection  from  the  three 
distinct  fumUies."^^  Lord  Western  was  the  first  importer  of  a 
Neajwlitan  boar  and  sow.  "From  this  pair  he  bred  in-and-in, 
until  the  breed  was  in  danger  of  becoming  extinct,  a  sure  result 
(as  Mr.  Sidney  remarks)  of  in-and-in  breeding."  Lord  Western 
then  crossed  his  tJeapolitan  pigs  with  the  old  iSsex,  and  made  the 
first  great  step  towards  the  Improved  Essex  breed.  Here  is  a  more 
interesting  case.  Mr.  J.  Wright,  well  known  as  a  breeder,  crossed  " 
the  same  boar  with  the  daughter,  granddaughter,  and  great-grand- 
daughter, and  so  on  for  seven  generations.  The  result  was,  that 
in  many  instances  the  offspring  failed  to  breed;  in  others  they 
produced  few  that  lived;  and  of  the  latter  many  were  idiotic, 
without  sense,  even  to  suck,  and  when  attempting  to  move  could 
not  walk  straight.  Now  it  deserves  esjxjcial  notice,  that  the  two 
last  sows  produced  by  this  long  course  of  interbreeding  were  sent 
to  other  boars,  and  they  bore  several  litters  of  healthy  pigs.  The 
best  sow  in  external  appearance  prwluced  during  the  whole  seven 
generations  was  one  in  the  last  stage  of  descent;  but  the  litter 
consisted  of  this  one  sow.  She  would  not  breed  to  lier  sire,  yet 
bred  at  the  first  trial  to  a  stranger  in  blood.  So  that,  in  Mr. 
Wright's  case,  long-continued  and  extremely  close  interbreeding 
did  not  affect  the  external  form  or  merit  of  the  young ;  but  with 
many  of  them  the  general  constitution  and  mental  powers,  and 
especially  the  reproductive  functions,  were  seriously  affected. 

Nathusius  gives ^  an  analogous  and  even  more  striking  case:  he 
imported  from  England  a  pregnant  sow  of  the  large  Yorkshire 
breed,  and  bred  the  product  closely  in-and-in  for  three  generations : 
the  result  was  unfavourable,  as  the  young  were  weak  in  constitution, 
with  impaired  fertility.  One  of  the  latest  sows,  which  he  esteemed 
a  good  animal,  produced,  when  paired  with  her  own  uncle  (who  was 
known  to  be  productive  with  sows  of  other  breeds),  a  litter  of  six, 
and  a  second  time  a  litter  of  only  five  weak  young  pigs.  He  then 
paired  this  sow  with  a  boar  of  a  small  black  breed,  which  ho  had 
likewise  imported  from  England;  this  boar,  when  matched  with 
sows  of  his  own  breed,  produced  from  seven  to  nine  young.  Now, 
the  sow  of  the  largo  breed,  which  was  so  unproductive  when  paired 
with  her  own  uncle,  yielded  to  the  small  olack  boar,  in  the  first 
litter  twenty-one,  and  in  the  second  litter  eighteen  young  pigs ;  so 
that  in  one  year  she  produced  thirty-nine  fine  young  animals ! 

As  in  the  case  of  several  other  animals  already  mentioned,  even 

'•  Sidney's  edit,  of  *  Youatt  on  the  Col.    Le   Contcur,  who   has   done   go 

F*ip:,  *  1800,  p.  30 ;    p.  33,  quotation  much  for  tho  agriculture  of  Jersey, 

from    Mr.    Druce;    p.    2y,  on   Lord  writes  to  me  that  fr(»m  possessing  a 

Western**  ca-se.  ftne  breed  of  pigs  he  hred  them  very 

"  *  Journal  of  Royal  Agricult.Soc.  closely,  twice   pairing    brothers  and 

of  Kngland,'  18*6,  vol.  vii.  p.  205.  sisters,  but  nearly  all  tho  young  had 

"    *  Ucber   Ilindvich,*   &c.,   a.   78.  Hts  and  died  suddenly. 
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when  no  injury  is  perceptible  from  moderately  close  interbreeding, 
yet,  to  quote  the  words  of  Mr.  Coate  (who  five  times  won  tlie  annual 
gold  medal  of  the  Smithfield  Club  Show  for  the  best  pen  of.  pigs), 
"  Crosses  answer  well  for  profit  to  the  farmer,  as  you  get  more 
"  constitution  and  quicker  growth ;  but  for  me,  who  sell  a  great 
"  number  of  pigs  for  breeding  purposes,  I  find  it  will  not  do,  as 
"  it  requires  many  years  to  get  anything  like  purity  of  blood 
"  again."  2i 

Almost  all  the  animals  as  yet  mentioned  are  gregarious, 
and  the  males  must  frequently  pair  with  their  o^vii  daughters, 
for  they  expel  the  young  males  as  well  as  all  intruders,  until 
forced  by  old  age  and  loss  of  strength  to  yield  to  some  stronger 
male.  It  is  therefore  not  improbable  that  gregarious  animals 
may  have  been  rendered  less  susceptible  than  non-social 
species  to  the  evil  consequences  of  close  interbreeding,  so 
that  they  may  be  enabled  to  live  in  herds  without  injury 
to  their  offspring.  Unfortunately  we  do  not  know  whether 
an  animal  like  the  cat,  which  is  not  gregarious,  would  suffer 
from  close  interbreeding  in  a  greater  degree  than  our  other 
domesticated  animals.  But  the  pig  is  not,  as  far  as  I  can 
discover,  strictly  gregarious,  and  we  have  seen  that  it  appears 
eminently  liable  to  the  evil  effects  of  close  interbreeding. 
Mr.  Huth,  in  the  case  of  the  pig,  attributes  (p.  285)  these 
effects  to  their  having  been  "  cultivated  most  for  their  fat,"  or 
to  the  selected  individuals  having  had  a  weak  constitution  ; 
but  we  must  remember  that  it  is  great  breeders  who  have 
brought  forward  the  above  cases,  and  who  are  far  more 
familiar  than  ordinary  men  can  be,  with  the  causes  which  are 
likely  to  interfere  with  the  fertility  of  their  animals. 

The  effects  of  close  interbreeding  in  the  case  of  man  is  a 
difficult  subject,  on  which  1  will  say  but  little.  It  has  been 
discussed  by  various  authors  under  many  points  of  view.^* 


'*  Sidney  on  the  Pig.  p.  I5G.  .Sir 
also  note,  p.  34.  Alsj  iiichanUon  on 
the  Pig,  1847,  p.  20. 

"  Dr.  Dally  has  published  an  excel- 
lent article  (translated  inthe*  Anthro- 
|>olojr.  Keview/  May,  1864,  p.  G.')), 
criticising  all  writers  who  have  main- 
tainei  that  evil  follows  from  con- 
sanguineous marriages.  No  doubt  on 
thin  Ni  le  of  the  que^tion   many  advo- 


cates have  injured  their  cause  by  in- 
accuracies :  thu.i  it  has  been  stated 
(Devay,  '  Du  Danger  des  Mariages,* 
&c.,  1802,  p.  141)  that  the  marriages 
of  cousins  have  been  prohibited  by 
the  legislature  of  Ohio;  but  1  have 
been  assured,  in  answer  to  inquiries 
made  in  the  Tnited  States,  that  this 
stjitem^-nt  i.^  a  mere  fable. 
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Mr.  Tylor  ^^  has  shown  that  with  widely  diflfereiit  races  in 
the  most  distant  quarters  of  the  world,  marriages  between 
relations — even  between  distant  relations — have  been  strictly 
prohibited.  There  are,  however,  many  exceptions  to  the 
rule,  which  are  fully  given  by  Mr.  Huth.^^  It  is  a  curious 
prublcm  how  these  prohibitions  arose  during  early  and 
barbarous  times.  Mr.  Tylor  is  inclined  to  attribute  them  to 
the  evil  effects  of  consanguineous  marriages  having  been  ob- 
served ;  and  he  ingeniously  attempts  to  explain  some  apparent 
anomalies  in  the  prohibition  not  extending  equally  to  the 
relations  on  the  male  and  female  side.  He  admits,  however, 
that  other  causes,  such  as  the  extension  of  friendly  alliances, 
may  have  come  into  play.  Mr.  W.  Adam,  on  the  other  hand, 
concludes  that  related  marriages  are  prohibited  and  viewed 
with  repugnance,  from  the  confusion  which  would  thus  arise 
in  the  descent  of  property,  and  from  other  still  more  recondite 
reasons.  But  I  cannot  accept  these  views,  seeing  that  incest 
is  held  in  abhorrence  by  savages  such  as  those  of  Australia 
and  South  America,^^  who  have  no  property  to  bequeath,  or 
fine  moral  feelings  to  confuse,  and  who  are  not  likely  to 
reflect  on  distant  evils  to  their  progeny.  According  to  Mr. 
Huth  the  feeling  is  the  indirect  result  of  exogamy,  inasmuch 
as  when  this  practice  ceased  in  any  tribe  and  it  became 
endogamous,  so  that  marriages  were  strictly  confined  to  the 
same  tribe,  it  is  not  unlikely  that  a  vestige  of  the  former 
practice  would  still  be  retained,  so  that  closely-related 
marriages  would  be  prohibited.  With  respect  to  exogamy 
itself  Mr.  MacLennan  believes  that  it  arose  from  a  scarcity 
of  women,  owing  to  female  infanticide,  aided  perhaps  by 
other  causes. 

It  has  been  clearly  shown  by  Mr.  Ilutli  that  there  is  no 


'*  See  his  interestiDg  work  on  the 
*  Eairly  Hwtory  of  Man,*  1865,  chap.  x. 

"  *The  Marriage  of  Near  Kin,* 
187r>.  The  evidence  given  by  Mr. 
Huth  would,  I  think,  have  been  even 
more  valuable  than  it  is  on  this  and 
some  other  points,  if  he  had  referred 
Mleiy  to  the  works  of  men  who  had 
Iitng  resided  in  each  country  referred 
to,  and  who  showed  that  they  possessed 


juilgment  and  caution.  S^  also  Mr. 
W.  Adam,  *  On  Consanguinity  in  Mar- 
riage *  in  the  *  Fortnightly  Keview,* 
18t>5,  p.  710.  Also  HofacVer,  *  Ueber 
die  Kigenschaften,'  &c.,  181*8. 

*•  Sir  G.  Grcy*.s  *  Journal  of  Expe- 
ditions into  Australia/  vol.  i{.  p.  243  ; 
and  DobrizhoflVr,  *  On  the  Ablpones  of 
South  America.* 
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instinotive  feeling  in  nian  against  incest  any  more  than  in 
gregarious  animalF.  ^^\e  know  also  how  readily  any  prejadioe 
or  feeling  may  rise  to  abhorrence,  as  shown  by  Hindus  in 
regard  to  objects  causing  defilement.  Although  there  seems 
to  be  no  strong  inherited  feeling  in  mankind  against  incest, 
it  seems  possible  that  men  during  primeval  times  may  have 
been  more  excited  by  strange  females  than  by  those  with 
whom  they  habitually  lived ;  in  the  same  manner  as  accord- 
ing to  Mr.  Cupples,^^  male  deerhounds  are  inclined  towards 
strange  females,  while  the  females  prefer  dogs  with  whom 
they  have  associated.  If  any  such  feeling  formerly  existed 
in  man,  this  would  have  led  to  a  preference  for  marriages 
beyond  the  nearest  kin,  and  might  have  been  strengthenc<l 
by  the  offspring  of  such  marriages  surviving  in  greater 
numbers,  as  analogy  would  lead  us  to  believe  would  have 
c»ccurred. 

AVhether  consanguineous  mamages,  fcucli  as  are  permitted 
in  civilised  nations,  and  which  would  not  be  considered  as 
close  interbreeding  in  the  case  of  our  domesticated  animals, 
cause  any  injury  will  never  be  known  with  certainty  until  a 
census  is  taken  with  this  object  in  view.  My  son,  George 
Darwin,  has  done  what  is  possible  at  present  by  a  statistical 
investigation,^**  and  he  has  come  to  the  conclusion,  from  his 
own  researches  and  those  of  Dr.  Mitchell,  that  the  evidence  as 
to  any  evil  thus  caused  is  conflicting,  but  on  the  whole  points 
to  the  evil  being  very  small. 

liirth. — In  the  case  of  the  Fowl  a  whole  array  of  authorities 
could  bo  given  against  too  close  interbreeding.  Sir  J.  Sebright 
positively  asserts  that  he  made  many  trials,  and  that  his  fowls, 
when  thus  treated,  became  long  in  the  legs,  small  in  the  body,  and 
bad  breeders.*^  He  produced  the  famous  Sebright  Bantams  by 
complicated  crosses,  and  by  breeding  in-and-in ;  and  since  his  time 
there  has  lioen  much  close  interbreeding  with  these  animals;  and 
they  are  now  notoriously  bod  breetlers.  1  have  seen  Silver  Bantams, 
directly  descended  from  his  stock,  which  had  become  almost  as 
barren  as  hybrids;  for  not  a  single  cliicken  had  been  that  year 


**  '  l>e<o«!nt  of  Man,  2d<1.    edit  p.  Review.'  June,  187.V 
52 1-.  "  *  The     Art    uf    Improving    the 

"  *  Journal  <»fStAti»ticalSoc.' June,  Breed,' p.  13. 
1875,     p.    153 ;     ani     '  Fortnightly 
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hatched  from  two  full  nosts  of  eggs.  Mr.  Hewitt  says  that  with 
these  Bantams  the  sterility  of  the  male  stands,  with  rare  exceptions, 
in  the  closest  relation  with  their  loss  of  certain  secondary  male 
characters :  he  adds,  "  I  have  noticed,  as  a  general  rule,  that  even 
**  the  slightest  deviation  from  feminine  character  in  the  tail  of  the 
"  male  Sebright— say  the  elongation  by  only  half  an  inch  of  the  two 
"  principal  tail  feathers — brings  with  it  impvoved  probability  of 
"  increased  fertility."'* 

Mr.  Wright  states '^  that  Mr.  Clark,  "whose  fighting-cocks  were 
'*  so  notorious,  continued  to  breed  from  his  own  kind  till  they  lost 
"  their  disposition  to  fight,  but  stood  to  be  cut  up  without  making 
*•  any  resistance,  and  were  so  reduced  in  size  as  to  be  under  those 
*'  weights  required  for  the  best  prizes ;  but  on  obtaining  a  cross 
*'  from  Mr.  Leigh  ton,  they  again  resumed  their  former  courage  and 
'*  weight."  It  should  be  borne  in  mind  that  game-cocks  before  they 
fought  were  always  weighed,  so  that  nothing  was  left  to  the  imagi- 
nation about  any  reduction  or  increase  of  weight.  Mr.  Clark  does 
not  seem  to  have  bred  from  brothers  and  sisters,  which  is  the  most 
injurious  kind  of  union ;  and  he  found,  after  repeated  trials,  that 
there  was  a  greater  reduction  in  weight  in  the  young  from  a 
father  paired  with  his  daughter,  than  from  a  mother  with  her  son. 
I  may  add  that  Mr.  Eyton,  of  Eyton,  the  well-known  ornithologist, 
who  is  a  large  breeder  of  Grey  Dorkings,  informs  me  that  they 
certainly  diminish  in  size,  and  become  less  prolific,  unless  a  cross 
with  another  strain  is  occasionally  obtained.  So  it  is  with  Malays, 
according  to  Mr.  Hewitt,  as  far  as  size  is  conc^mcd.^ 

An  experienced  writer**  remarks  that  the  same  amateur,  as 
is  well  known,  seldom  long  maintains  the  superiority  of  his  birds ; 
and  this,  ho  adds,  undoubtedly  is  duo  to  all  his  stock  "being 
of  the  same  blood;"  henco  it  is  indisx)ensable  that  he  should 
occasionally  procure  a  bird  of  another  strain.  But  this  is  not 
necessary  with  those  who  keep  a  stock  of  fowls  at  different  stations. 
Thus,  Mr.  Ballance,  who  has  bred  Malays  for  thirty  years,  and 
has  won  more  prizes  with  these  birds  than  any  other  fancier 
in  England,  says  that  breeding  in-and-in  does  not  necessarily 
cause  deterioration ;  "  but  all  depends  upon  how  this  is  managed." 
"  My  plan  has  been  to  keep  about  five  or  six  distinct  runs,  and 
"  to  rear  about  two  hundred  or  three  hundred  chickens  each  year, 
"and  select  the  best  birds  from  each  run  for  crossing.  I  thus 
"  secure  sufficient  crossing  to  prevent  deterioration."  '^ 


*»  *The  Poultry  Book,'  by  W.  B. 
Tcgctnieicr,  18t>«5,  p.  '24b. 

*^  *  Journal  Ivoyal  Agricult.  Soc.,* 
1846,  vol.  vii.  p.  206  ;  see  al»o  Fcrgu- 
»«4in  on  the  Fowl,  pp.  83,  317  ;  sec  also 
*The  Poultry  Book,'  by  Tcgetmeier, 
18(56,  p.  1155,  with  respect  to  the 
extent  to  which  cock-lightcrn  found 
that  they  could  venture  to  breed  in- 


nnd-in,  viz..  occa.sionnlIv  a  hen  with 
her  own  son ;  *'  but  they  were  cautious 
not  to  repeat  the  in-and-in  breeding." 

»  *The  Poultry  Book,'  by  W.  B. 
Tegetmeier,  18GG,  p.  79. 

5*'  *Tho  Poultry  Chronicle,'  18o4, 
vol.  i.  p.  43. 

"  *Thc  Potiltry  Book,'  by  W.  B. 
Tegotracicr,  1866,  p.  79. 
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We  thus  Kce  that  tlicro  is  almost  completo  unanimity  with 
poultry-breeders  that,  wlien  fowls  are  kept  at  the  same  place, 
evil  quickly  follows  from  interbreeding  carried  on  to  an  extent 
which  would  be  disregarded  in  the  case  of  most  quadrupeds. 
MoreoTer,  it  is  a  generally  received  opinion  that  cross-bred 
chickens  are  the  hardiest  and  most  easily  reared.'^  Mr.  Tegetmeier, 
who  has  carefully  attended  to  poultry  of  all  breeds,  says"  tliat 
Dorking  hens,  allowed  to  run  with  Houdan  or  Crevecoeur  cocks, 
**  produce  in  the  early  spring  chickens  that  for  size,  hardihood,- 
"  early  maturity,  and  fitness  for  the  market,  surpass  those  of  any 
"pure  breed  that  we  have  ever  raised."  Mr.  Hewitt  gives  it  as 
a  general  rule  with  fowls,  that  crossing  the  breed  increases  their 
size.  He  makes  this  remark  after  stating  that  hybrids  from 
the  pheasant  and  fowl  are  considerably  larger  than  either  progenitor  : 
eo  again,  hybrids  from  the  male  golden  pheasant  and  female  conmion 
pheasant  "are  of  far  larger  size  tlian  either  parent-bird."*  To 
this  subject  of  the  increased  size  of  hybrids  I  shall  presently  return. 

With  ri<]eoM,  breeders  are  unanimous,  as  previously  stated, 
that  it  is  absolutely  indispensable,  notwithstanding  the  trouble 
and  expense  thus  caustrd,  occasionally  to  cross  their  much-prized 
Virds  with  individuals  of  another  strain,  but  belonging,  of  course, 
to  the  Fame  variety.  It  deserves  notice  that,  when  size  is  one 
of  the  desired  characters,  as  with  pouters,*^  the  evil  effects  of  close 
interbreeding  are  much  sooner  perceived  than  when  small  birds, 
such  as  short-faced  tumblers,  are  valued.  The  extreme  delicacy 
of  the  high  fancy  breeds,  such  as  these  tumblers  and  improved 
English  carriers,  is  remarkable ;  they  are  liable  to  many  diseases, 
and  often  die  in  the  egg  or  during  the  first  moult ;  and  their  eggs 
have  generally  to  be  hatched  under  foster-mothers.  Although 
these  highly-prized  birds  have  invariably  l>een  subjected  to  much 
close  interbreeding,  yet  their  extreme  delicacy  of  constitution 
cannot  perhaps  Ix)  thus  fully  explained.  Mr.  Yarrcll  informed  me 
that  Sir  J.  Sebright  continued  closely  interbreeding  some  owl- 
pigeons,  until  from  their  extreme  sterility  he  as  nearly  as  possible 
lost  the  whole  family.  Mr.  Brent**  tried  to  raise  a  breed  of 
trumpeters,  by  crossing  a  common  pigeon,  and  recrossing  the 
daughter,  granddaughter,  great-granddaughter,  and  great-great- 
granddaughter,  with  the  same  male  trmnpcter,  until  he  obtained 
a  bird  with  \%  of  trumpeters  blood;  but  then  the  experiment 
failed,  for  "bree^ling  so  close  stopped  reproduction."  The  ex- 
perienced Neumeister "  also  asserts  that  the  offspring  from  dove- 
cotes and  various  other  breeds  are  "generally  very  fertile  and 


*'  'The  Poultry  Chronitl«»,' vol.  i.  *•  *A  Treatise  on  Fancy  Pigeons,* 

p.  ^0.                     '  by  J.  M.  Eaton,  p.  56. 

"  *rho    Poultry  Book,'   186(5,    p.  «»  *  The  Pipeon  Book,*  p.  46. 

210.                        '  "  *I)as   (Janze  dcr  Taubenxucht,' 
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hardy  birds : "  so  again,  MM.  Boitard  and  Corbi^/'  after  forty-five 
years'  experience,  recommend  persons  to  cross  their  breeds  for 
amusement ;  for,  if  they  fiiil  to  make  interesting  birds,  they  will 
succeed  under  an  economical  point  of  view,  "  as  it  is  found  that 
mongrels  are  more  fertile  than  pigeons  of  pure  race." 

I  will  refer  only  to  one  other  animal,  namely,  the  Hive-bee, 
because  a  distinguished  entomologist  has  advanced  this  as  a  case 
of  inevitable  close  interbreeding.  As  the  hive  is  tenanted  by  a 
single  female,  it  might  have  been  thought  that  her  male  and 
female  offspring  would  always  have  bred  together,  more  especially 
as  bees  of  different  hives  are  hostile  to  each  other;  a  strange  worker 
being  almost  always  attacked  when  trying  to  enter  another  hive. 
But  Mr.  Tegetmeier  has  shown  **  that  this  instinct  does  not  apply 
to  drones,  which  are  permitted  to  enter  any  hive;  so  that  there 
is  no  a  priori  improbability  of  a  queen  receiving  a  foreign  drone. 
The  fact  of  the  union  invariably  and  necessarily  taking  place 
on  the  wing,  during  the  queen's  nuptial  flight,  seems  to  be  a  special 
provision  against  continued  interbreeding.  However  this  may  be, 
experience  has  shown,  since  the  introduction  ot  the  yellow-banded 
Ligurian  race  into  Germany  and  England,  that  bees  freely  cross : 
Mr.  Woodbury,  who  introduced  Ligurian  bees  into  Devonshirq, 
found  during  a  single  season  that  three  stocks,  at  distances  of  from 
one  to  two  miles  from  his  hives,  were  crossed  by  his  drones. 
In  one  case  the  Ligurian  drones  must  have  flown  over  the  city 
of  Exeter,  and  over  several  intermediate  hives.  On  another 
occasion  several  common  black  queens  were  crossed  by  Ligurian 
drones  at  a  distance  of  from  one  to  three  and  a  half  miles.^*  - 

Plants. 

When  a  single  plant  of  a  new  species  is  introduced  into  any 
country,  if  propagated  by  seed,  many  individuals  will  soon  be 
raised,  so  that  if  the  proper  insects  be  present  there  will  be  crossing. 
With  newly-introduced  trees  or  other  plants  not  propagated 
by  seed  we  are  not  here  concerned.  With  old-established  plants 
it  is  an  almost  universal  practice  occasionally  to  make  exchanges 
of  seed,  by  which  means  individuals  which  have  been  exposed 
to  different  conditions  of  life, — and  this,  as  wo  have  seen  with 
animals,  diminishes  the  evil  from  close  interbreeding,  —  will 
occasionally  be  introduced  into  each  district. 

With  respect  to  individuals  belonging  to  the  same  sub- variety, 
Gartner,  whoso  accuracy  and  experience  exceeded  that  of  all  other 
obscrvei-s,  states"  that  ho  has  many  times  observed  good  effects 
from  this  step,  especially  with  exotic  genera,  of  which  the  fertility 
is    somewhat   impaired,    such    as    Passiflora,    Lolx)lia,    Fuchsia. 


"  '  Lc«  ri}jeon%'  1824,  p.  35.  pp.  39,  77,  158 ;  anU  1864,  p.  20G. 
**  '  Proc.    Kntomulog.    S<k:.,'   Aug.  **  '  Bcitr'age     zur    Kenntniss    der 

3th,  18G0,  p.  1J6.  Befruchtung,*  18  W,  s.  3(it>. 
**  ♦  Journal  of  Horticultur'?,'  18C1, 
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Herbert  alEO  eayf^*'  "  I  am  inclined  to  think  that  I  hare  deriTcd 
''advantage  from  impregnating  the  flower  from  which  I  wished 
"  to  obtain  seed  with  pollen  from  another  indiridnal  of  the  same 
"Tariety,  or  at  leai^  from  another  flower,  rather  than  with  its 
"  own."  Again,  Professor  Lecoq  ascertained  that  crossed  ofi^ring 
are  more  vigorons  and  robust  than  their  parents.^ 

General  statements  of  this  kind,  however,  can  seldom  be  folly 
trusted :  I  therefore  began  a  long  scries  of  experiments,  continued 
for  about  ten  years,  which  will  I  think  conclusively  show  the 
good  effects  of  crossing  two  distinct  plants  of  the  same  variety, 
and  tlie  evil  effects  of  long-continued  self-fertilisation.  A  clear 
light  will  thus  be  thrown  on  such  questions,  as  why  flowers  are 
almost  invariably  constructed  so  as  to  permit,  or  favour,  or  necessi- 
tate the  union  of  two  individuals.  \S'e  shall  clearly  understand 
why  moncecious  and  dia>cious, — why  dichogamous,  dimorphic  and 
trimorphic  plants  exist,  and  many  other  such  cases.  I  intend  soon 
to  publish  an  account  of  these  experiments,  and  I  can  here  give  only 
a  few  cases  in  illustration.  The  plan  which  I  followed  was  to  grow 
plants  in  the  same  pot,  or  in  pots  of  the  same  size,  or  close  together  in 
the  open  ground ;  carefully  to  exclude  insects ;  and  then  to  fertilise 
some  of  the  flowers  with  pollen  from  the  same  flower,  and  others 
on  the  same  plant  with  pollen  from  a  distinct  but  adjoining  plant. 
In  many  of  these  experiments,  the  crossed  plants  yielded  much 
more  wxd  than  the  pelf-fertilised  plants;  and  I  have  never  seen 
the  reversed  case.  The  self-fertilised  and  crossed  seeds  thus 
obtained  were  allowed  to  germinate  in  the  same  glass  vessel  on 
damp* sand;  and  as  the  seeds  germinated,  they  were  planted 
in  pairs  on  opposite  sides  of  the  same  pot,  with  a  superficial 
partition  between  them,  and  were  placed  so  as  to  be  equally  ex- 
posed to  the  light.  In  other  cases  the  self-fertilised  and  crossed 
seedH  were  simply  sown  on  opposite  sides  of  the  same  small  ix>t. 
I  have,  in  short,  followed  different  plans,  but  in  every  case  have 
taken  all  the  precautions  which  I  could  think  of,  so  that  the  two 
lots  should  be  equally  favoured.  The  growth  of  the  plants  raised 
from  the  crossed  and  eclf-fertilised  seed,  were  carefully  observed  from 
their  germination  to  maturity,  in  species  belonging  to  fifty-two 
genera;  and  the  difference  in  their  growth,  and  in  withstanding 
unfavourable  conditions,  was  in  most  cases  manifest  and  strongly 
marked.  It  is  of  importance  that  the  two  lots  of  seed  should  be 
sown  or  planted  on  opposite  sides  of  the  same  pot,  so  that  the  seed- 
lings may  struggle  against  each  other ;  for  if  sown  separately  in 
ample  and  goo<l  soil,  there  is  often  but  little  difference  in  their  growth. 

I  will  brieflv  descrilK)  two  of  the  first  cases  ol^ervod  by  me. 
Six  crossed  and  six  self-fertilised  seeds  of  Jponma  purpurea,  from 
j)lant8  treateii  in  the  manner  above  described,  were  jjlanted  as  soon 
as  they  had  germinated,  in  pairs  on  opposite  sides  of  two  pots, 
and  rods  of  eciual  thickness  were  given  them  to  twine  up.     Five 

'^  '  .\mar)lli lawR',*  p.  371.  *•  *  Dc  la  Fecondation,'  2n !  e.lit.,  18J2,  j*.  79. 
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of  the  crossed  ])lants  grew  from  the  first  more  quickly  than  the 
opposed  self-fertilised  plants ;  the  sixth,  however,  was  weakly  and 
was  for  a  time  beaten,  but  at  last  its  sounder  constitution  prevailed 
and  it  shot  ahead  of  its  antagonist.  As  soon  as  each  crossed  plant 
reached  the  top  of  its  seven-foot  rod  its  fellow  was  measured,  and 
the  result  was  that,  when  the  crossed  plants  were  seven  feet  high 
the  self-fertilised  had  attained  the  average  height  of  only  five  feet 
four  and  a  half  inches.  The  crossed  plants  flowered  a  little  before, 
and  more  profusely  than  the  self-fertilised  plants.  On  opposite 
sides  of  another  small  pot  a  large  number  of  crossed  and  self- 
fertilised  seeds  were  sown,  so  that-  they  had  to  struggle  for  bare 
existence ;  a  single  rod  was  given  to  each  lot :  here  again  the  crossed 
plants  showed  from  the  first  their  advantage ;  they  never  quite 
reached  the  summit  of  the  seven-foot  rod,  but  relatively  to  the 
self-fertilised  plants  their  average  height  was  as  seven  feet  to  five 
feet  two  inches.  The  experiment  was  repeated  during  several 
succeeding  generations,  treated  in  exactly  the  same  manner,  and 
with  nearly  the  same  result.  In  the  second  generation,  the  crossed 
plants,  which  were  again  crossed,  produced  121  seed  -  capsules, 
whilst  the  self-fertilised,  again  self-fertilised,  produced  only  84 
capsules. 

Some  flowera  of  the  Mimulus  luteins  were  fertilised  with  their 
own  pollen,  and  others  w^ero  crossed  with  pollen  from  distinct  plants 
growing  in  the  same  pot.  The  seeds  were  thickly  sown  on 
opposite  sides  of  a  pot  The  seedlings  were  at  first  equal  in 
height;  but  when  the  young  crossed  plants  were  half  an  inch, 
the  self-fertilised  plants  were  only  a  quarter  of  an  inch  high. 
But  this  degree  of  inequality  did  not  last,  for,  when  the  crossed 
plants  were  four  and  a  half  inches  high,  the  self-fertilised  were 
three  inches,  and  they  retained  the  same  relative  difiference  till 
their  growth  was  complete.  The  crossed  plants  looked  far  more 
vigorous  than  the  uncrossed,  and  flowered  before  them ;  they 
produced  also  a  far  greater  number  of  capsules.  As  in  the  former 
case,  the  experiment  was  repeated  during  several  succeeding  gene- 
rations. Ilad  1  not  watched  these  plantfi  of  Mimulus  and  Ipomoea 
during  their  whole  growth,  I  could  not  have  believed  it  possible, 
tliat  a  differcnoe  apparently  so  slight  as  that  of  the  pollen  being  taken 
from  the  same  flower,  or  from  a  distinct  plant  growing  in  the  same 
ix)t,  could  have  made  so  wonderful  a  difference  in  the  growth  and 
vigour  of  the  plants  thus  produced.  This,  und^r  a  physiological 
point  of  view,  is  a  most  remarkable  phenomenon. 

With  respect  to  the  benefit  derived  from  crossing  distinct 
varieties,  plenty  of  evidence  has  been  published.  Sageret**  re- 
peatedly speaks  in  strong  terms  of  the  vigour  of  melons  raised  by 
crossing  aifferent  varieties,  and  adds  that  they  are  more  easily 
fertilised  than  common  melons,  and  produce  numerous  good  seed. 


♦•     Mc:noircsur  les  Cucurbit arces,'  pi».  v3i5,  28,  30. 
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Here  follows  the  evidence  of  an  English  gardener:^®  **IhaT0  this 
•*  summer  met  with  better  success  in  my  cultivation  of  melons,  in 
**  an  unprotected  state,  from  the  seeds  of  hybrids  (i>.  mongrels) 
*•'  obtained  by  cross  impregnation,  than  with  old  varieties.  The 
"  offspring  of  three  different  hybridisations  (one  more  especially,  of 
"  which  the  parents  were  the  two  most  dissimilar  varieties  I  could 
"  select)  each  yielded  more  ample  and  finer  produce  than  any  one 
"  of  betw^een  twenty  and  thirty  established  varieties." 

Andrew  Knight**  believed  that  his  seedlings  from  crossed  tarieties 
of  the  apple  exhibited  increased  vigour  and  luxuriance;  and  M. 
Chevreul**  alludes  to  the  extreme  vigour  of  some  of  the  crossed 
fruit-trees  raised  by  Sageret. 

By  crossing  reciprocally  the  tallest  and  shortest  peas.  Knight** 
says :  *'  1  had  in  this  experiment  a  striking  instance  of  the 
**  stimulative  effects  of  crossing  tlie  breeds;  for  the  smallest  variety, 
"  whose  height  rarely  exceeded  two  feet,  was  increased  to  six  feet ; 
"  whilst  the  height  of  the  largo  and  luxuriant  kind  was  veiv  little 
"  diminished."  Mr.  Laxton  gave  me  seed-peas  produced  from 
crosses  between  four  distinct  kinds ;  and  the  plants  thus  raised  were 
extraordinarily  vigorous,  being  in  each  case  from  one  to  two  or  throe 
feet  taller  than  the  parent -forms  growing  close  alongside  them. 

Wiegmann"  maao  many  crosses  between  several  varieties  of 
cabbage;  and  he  speaks  with  astonishment  of  the  vigour  and 
height  of  the  mongrels,  which  excited  the  amazement  of  all  the 
gardeners  who  beheld  them.  Mr.  Chaundy  raised  a  great  number 
of  mongrels  by  planting  together  six  distinct  varieties  of  cabbage. 
These  mongrels  displayed  an  infinite  diversity  of  character;  "But 
"  the  most  remarkable  circumstance  was,  that,  while  all  the  other 
"  cabl>agc8  and  borecoles  in  the  nursery  were  destroyed  by  a  severe 
"  winter,  these  hybrids  were  little  injured,  and  supplied  the  kitchen 
"  when  there  was  no  other  cabbage  to  be  had." 

Mr.  Iklaund  exhibited  before  the  Royal  Agricultural  Society** 
specimens  of  crossed  wheat,  together  with  their  parent  varieties ; 
and  the  editor  states  that  they  were  intermediate  in  character, 
•'  united  with  that  greater  vigour  of  growth,  which  it  appears,  in 
"  the  vegetable  as  in  the  animal  world,  is  the  result  of  a  first  cross." 
Knight  also  crossed  several  varieties  of  wheat,**  and  he  says  "  that 
"  in  the  years  1795  and  1796,  when  almost  the  whole  crop  of  com 
*'  in  the  island  was  blighted,  the  varieties  thus  obtained,  and  these 
"  only,  escaped  in  this  neighbourhood,  though  sown  in  several 
"  different  soils  and  situations." 
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Here  is  a  remarkable  case :  M.  Clotzsch"  crossed  Pinus  nylvestris 
and  nigricans^  Quercus  robur  and  ptdunculata^  Alnus  glulinosa  and 
incanay  Ulmus  campestris  and  effusa ;  and  the  cross-fertilised  seeds, 
as  well  as  seeds  of  the  pure  parent-trees,  were  all  sown  at  the  same 
time  and  in  the  same  place.  The  result  was,  that  after  an  interval  of 
eight  years,  the  hybrids  wore  one-third  taller  than  the  pure  trees ! 

The  facts  above  given  refer  to  undoubted  varieties^  excepting 
the  trees  crossed  by  Clotzsch,  which  are  ranked  by  various  botanists 
as  strongly-marked  races,  sub-species,  or  species.  That  true 
hybrids  raised  from  entirely  distmct  species,  though  they  lose  in 
fertility,  often  gain  in  size  and  constitutional  vigour,  is  certain.  It 
would  be  superfluous  to  quote  any  facts;  for  all  experimenters, 
Kolrouter,  Gartner,  Herl>ert,  Sageret,  Lecoq,  and  Naudin,  have 
been  struck  with  the  wonderful  vigour,  height,  size,  tenacity  of  life, 
precocity,  and  hardiness  of  their  hybrid  productions.  Gartner" 
sums  up  his  conviction  on  this  head  in  the  strongest  terms.  K61- 
reuter^*  gives  numerous  precise  measurements  of  the  weight  and 
height  of  his  hybrids  in  his  comparison  with  measurements  of  both 
parent-forms ;  and  si)eaks  with  astonishment  of  their  stutura  por- 
"  teutom"  their  "ambitus  vastissimus  ac  altUudo  valde  conspicua." 
Some  exceptions  to  the  rule  in  the  case  of  very  sterile  hybrids  have, 
however,  been  noticed  by  Gartner  and  Herbert;  but  the  most 
striking  exceptions  are  given  by  Max  Wichura,*^  who  found  that 
hybrid  willows  were  generally  tender  in  constitution,  dwarf,  and 
short-lived 

Kolreuter  explains  the  vast  increase  in  the  size  of  the  roots, 
stems,  Ac,  of  his  hybrids,  as  the  result  of  a  sort  of  compensation 
due  to  their  sterility,  in  the  same  way  as  many  emasculated 
animals  are  larger  than  the  perfect  males.  This  view  seems  at  first 
sight  extremely  probable,  and  has  been  accepted  by  various  authors;** 
but  Gartner^  has  well  remarked  that  there  is  much  difficulty  in 
fully  admitting  it ;  for  with  many  hybrids  there  is  no  parallelism 
between  the  degree  of  their  sterility  and  their  increased  size  and 
vigour.  The  most  striking  instances  of  luxuriant  growth  have  been 
observed  with  hybrids  which  were  not  sterile  in  any  extreme 
degree.  In  the  genus  Mirabilis,  certain  hybrids  are  unusually 
fertile,  and  their  extraordinary  luxuriance  of  growth,  together  with 
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their  enormous  roots,®  have  been  transmiltctl  to  their  progeny. 
The  result  in  all  cases  is  probably  in  part  due  to  the  saring  of 
nutriment  and  vital  force  through  the  sexual  organs  acting  impcr> 
fectly  or  not  at  all,  but  more  especially  to  the  general  law  of  good 
being  derived  from  a  cross.  For  it  deserves  especial  attention  that 
mongrel  animals  and  plants,  which  are  so  far  from  being  stehle  that 
their  fertility  is  often  actually  augmented,  have,  as  previously 
shown,  their  size,  hardiness,  and  constitutional  vigour  generally 
increased.  It  is  not  a  little  remarkable  that  an  accession  of  vigour 
and  size  should  thus  arise  under  the  opposite  contingencies  of 
increased  and  diminished  fertility. 

It  is  a  perfectly  well  ascertained  fact**  that  hybrids  invariably 
breed  with  either  pure  parent,  and  not  rarely  with  a  distinct  species, 
more  readily  than  with  one  another.  Herbert  is  inclined  to  explain 
even  tliis  fact  by  the  advantage  derived  from  a  cross ;  but  Gartner 
more  justly  accounts  for  it  by  the  pollen  of  the  hybrid,  and 
probably  its  ovules,  being  in  some  degree  vitiated,  whereas  tho 
pollen  and  ovules  of  both  pure  parents  and  of  any  third  species  are 
sound.  Nevertheless,  there  are  some  well-ascertained  and  re- 
markable facts,  which,  as  we  shall  presently  see,  show  that  a  cross 
by  itself  undoubtedly  tends  to  increase  or  re-establish  the  fertility 
of  hybrids. 

The  same  law,  namely,  that  the  crossed  offspring  both  of  varieties 
and  species  are  larger  than  the  parent-forms,  holds  good  in  the 
most  striking  manner  with  hybrid  animals  as  well  as  with  mongrels. 
Mr.  Bartlett,  who  has  had  such  large  experiecce  says,  "  Among  all 
'*  hybrids  of  vertebrated  animals  there  is  a  marked  increise  of  size." 
Ho  then  enumerates  many  cases  with  mammals,  including  monkeys, 
and  with  various  families  of  birds.*^ 

On  certain  Hermaphrodite  Plants  icJtich,  either  normally  or  abnar- 
mally,  require  to  he  fertilised  by  pollen  from  a  diiftinct  individual 
or  species. 

The  facts  now  to  be  given  differ  from  the  foregoing,  as 
self-sterility  is  not  here  tho  result  of  long-continued  dose 
interbreeding.  1'hcsc  facts  are,  however,  connected  with  our 
j>re8ent  subject,  because  a  cross  with  a  distinct  individual  is 
shown  to  be  either  necessary  or  advantageous.  Dimorphic 
and  trimorphic  plants,  though  they  are  hermaphrodites,  must 
1)0  reciprocally  crossed,  one  set  of  forms  by  the  other,  in  order 
to  1m3  fully  fertile,  and  in  some  cases  to  be  fertile  in  any  degree. 

"  KOlreutcr,  *  Nova  Act.i,*    179,%       430. 
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But  I  should  not  have  noticed  ihese  plants,  had  it  not  been 
for  the  following  cases  given  by  Dr.  Hildebrand  :^^ — 

Primula  shiensis  is  a  reciprocally  dimorphic  species :  Dr.  Hilde- 
brand fertilised  twenty-eight  flowers  of  both  forms,  each  by  pollen  of 
the  other  form,  and  obtained  the  full  number  of  capsules  containing 
on  an  averajre  42*7  seed  per  capsule ;  here  we  have  complete  and 
normal  fertility.  He  then  fertilised  forty-two  flowers  of  both  forms 
with  pollen  of  the  same  form,  but  taken  from  a  distinct  plant,  and 
all  produced  capsules  containing  on  an  average  only  19*6  seed. 
Lastly,  and  here  we  come  to  our  more  immediate  point,  ho  fertilised 
forty-eight  flowers  of  both  forms  with  pollen  of  the  same  form  and 
taken  from  the  same  flower,  and  now  he  obtained  only  thirty-two 
capsules,  and  tliese  contained  on  an  average  186  seed,  or  one  less 
per  capsule  than  in  the  former  case.  So  tliat,  with  these  illegitimate 
unions,  the  act  of  impregnation  is  less  assured,  and  the  fertility 
slightly  less,  when  the  pollen  and  ovules  belong  to  the  same  flower, 
than  when  belonging  to  two  distinct  individuals  of  the  same  form. 
Dr.  Hildebrand  has  recently  made  analogous  experiments  on  the 
long -styled  form  of  Oxalis  rosea ,  with  the  same  result.'^^ 

It  has  recently  been  discovered  that  certain  plants,  whilst 
growing  in  their  native  country  under  natural  conditions, 
cannot  be  fertilise4  with  pollen  from  the  same  plant.  They 
are  sometimes  so  utterly  self-impotent,  that,  though  they  can 
readily  bo  fertilised  by  the  pollen  of  a  distinct  sjKKjies  or 
even  distinct  genus,  yet,  wonderful  as  is  the  fact,  they  never 
produce  a  single  seed  by  their  own  pollen.  In  some  cases, 
moreover,  the  plant's  own  pollen  and  stigma  mutually  act  on 
each  other  in  a  deleterious  manner.  Most  of  tho  facts  to  bo 
given  relate  to  orchids,  but  I  will  conimence  with  a  plant 
belonging  to  a  widely  different  family. 

Sixty-three  flowers  of  Corydalis  civa,  borne  on  distinct  plants, 
were  fertilised  by  Dr.  Hildebrand'^*  with  pollen  from  other  plants  of 
the  8amo  species;  and  lifty-cight  capsules  were  obtained,  including 
on  an  average  4*5  seed  in  each.  He  then  fertilised  sixtei^n  flowers 
produced  by  the  same  raceme,  one  with  another,  but  obtained  only 
three  capsules,  one  of  which  nlono  contained  any  g(K>d  seeds, 
namely,  two  in  numlxjr.  Lastly,  he  fertilisetl  twenty-sc^vin  flowers, 
each  with  its  own  jKillcn ;  he  left  also  fifty-seven  flowers  t)  bo 
Hiwntancously  fertilised,  and  this  would  certainly  have  ensued  if  it 
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had  been  possible,  for  the  anthers  not  only  touch  the  stigma^  but 
the  pollen-tubes  were  seen  by  Dr.  Hildebrand  to  penetrato  it; 
nevertheless  these  eighty-four  flowers  did  not  proauce  a  single 
seed-capsule !  This  whole  case  is  highly  instructive,  as  it  shows 
how  widely  different  the  action  of  the  same  pollen  is,  accoitling  as 
it  is  placed  on  the  stigma  of  the  same  flower,  or  on  that  of  another 
flower  on  the  same  raceme,  or  on  that  of  a  distinct  plant. 

With  exotic  Orchids  several  analogous  cases  have  been  obseryed, 
chiefly  by  Mr.  John  Scott^  Oncidium  sphacelatum  has  effective 
pollen,  for  Mr.  Scott  fertilised  two  distinct  species  with  it;  the 
ovules  are  likewise  capable  of  impregnation,  for  they  were  readily 
fertilised  by  the  pollen  of  0.  divaricatum ;  nevertheless,  between 
one  and  two  hundred  flowers  fertilised  by  their  own  pollen  did  not 
produce  a  single  capsule,  though  the  stigmas  were  penetrated  by 
the  pollen-tubes.  Mr.  Bobertson  Munro,  of  the  Koyal  Botanic 
Gardens  of  Edinburgh,  also  informs  me  (IBM)  that  a  hundred  and 
twenty  flowers  of  this  same  species  were  fertilised  by  him  witli 
their  own  pollen,  and  did  not  produce  a  capsule,  but  eight  flowers, 
fertilised  by  the  pollen  of  0.  diuaricatumf  produced  four  fine  cajS- 
sales :  again,  between  two  and  three  hundted  flowers  of  0.  divari- 
rafntrif  fertilised  by  their  own  pollen,  did  not  set  a  capsule,  but 
twelve  flowers  fertilist^l  by  0.  jUxuosum  produced  eight  fine  cap- 
sules :  so  that  here  we  have  three  utterly  self-impotent  species,  with 
their  male  and  female  organs  perfect,  as  shown  by  their  mutual 
fertilisation.  In  these  cases  fertilisation  was  effected  only  by  the 
aid  of  a  distinct  species.  But,  as  we  sliall  presently  see,  distinct 
plants,  raised  from  seed,  of  Oncidium  flexuosum,  and  probably  of  the 
other  s|)ecies,  would  have  been  perfectly  capable  of  fertilising  each 
otiier,  for  this  is  the  natural  process.  Again,  Mr.  Scott  found  that  the 
])ollcn  of  a  plant  of  O.  microchilmn  was  efl'ective,  for  with  it  he  ferti- 
lised two  distinct  s^xicies ;  he  found  its  ovules  good,  for  they  could 
Ix)  fertilised  by  the  pollen  of  one  of  these  sjiecies,  and  by  the  pollen 
of  a  distinct  plant  of  0.  mirrochilum ;  but  they  could  not  be  ferti- 
lised by  pollen  of  the  same  plant,  though  the  pollen-tubes  penetrated 
the  stigma.  An  analogous  ca.se  has  been  recorded  by  M.  Riviere,'® 
with  two  plants  of  0.  cancndLshiauum,  which  were  both  self-sterile, 
but  reciproimlly  fertilised  each  other.  All  these  cases  refer  to  the 
genus  Oncidium,  but  ^Ir.  Scott  found  that  Maxillaria  atro-rttbens 
was  "  totally  insusceptible  of  fertilisation  with  its  own  ]X)llen,"  but 
fertilisc^d,  aud  was  fertilised  by,  a  widely  distinct  species,  viz.  if. 
sjttalcust 

As  these  orchids  had  l)ecn  grown  under  unnatural  conditions  in 
hot-houses,  I  concluded  that  tlu-ir  self-sterility  was  due  to  this 
cau.se.    But  Fritz  Miillcr  informs  me  that  at  Desterro,  in  Brazil,  ho 
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fertilised  above  one  hundred  flowers  of  the  above-mentioned  Onci 
dium  flexuosum,  which  is  there  endemic,  with  its  own  pollen,  and 
with  that  taken  from  distinct  plants :  all  the  former  were  sterile, 
whilst  those  fertilised  by  pollen  from  any  other  plant  of  the  same 
species  were  fertile.  During  the  first  three  days  there  was  no 
difference  in- the  action  of  the  two  kinds  of  pollen  :  that  placed  on 
stigma  of  the  same  plant  separated  in  the  usual  manner  into  grains, 
and  emitted  tul>es  which  penetrated  the  column,  and  the  stigmatic 
chamber  shut  itself;  but  only  those  flowers  which  had  been  fertilised 
by  pollen  taken  from  a  distinct  plant  produced  seed-capsules.  On 
a  subsequent  occasion  these  experiments  were  repeated  on  a  largo 
Hcale  with  the  same  result.  Fritz  Miiller  found  that  four  other 
endemic  specios  of  Oncidium  were  intiike  manner  utterly  sterile 
with  their  own  pollen,  but  fertile  with  that  from  any  other  plant : 
some  of  them  likewise  produced  seed-capsules  when  impregnated 
with  pollen  of  widely  distinct  genera,  such  as  Cyrtopomum,  and 
Rodriguezia.  Oncidium  crispum,  however,  differs  from  the  fore- 
going species  in  varying  much  in  its  self-sterility;  some  plants 
producing  fine  pods  with  their  own  pollen,  others  failing  to  do  so 
in  two  or  three  instances,  Fritz  Miiller  observed  that  the  pods  pro- 
duced by  pollen  taken  from  a  distinct  flower  on  the  same  plant,  were 
larger  than  those  produced  by  the  flower's  own-  pollen.  In  Epidfn- 
drum  cinnaharinwn,  &n  orchid  belonging  to  another  division  of  the 
family,  fine  pods  were  produced  by  the  plant's  own  pollen,  but  they 
contained  by  weight  only  alx>ut  half  as  much  seed  as  the  capsules 
which  had  been  fertilised  by  pollen  from  a  distinct  plant,  and  in 
one  instance  from  a  distinct  species ;  moreover,  a  very  large  propor- 
tion, and  in  some  cases  nearly  all  the  seeds  produced  by  the  plant's 
own  pollen,  were  destitute  of  an  embryo.  Some  self-fertilised 
ca]isules  of  a  Maxillaria  were  in  a  similar  state. 

Another  observation  made  by  Fritz  Miiller  is  highly  remarkable, 
namely,  that  with  various  orchids  the  plant's  own  pollen  not  only 
fails  to  impregnate  the  flower,  but  acts  on  the  stigma,  and  is  acted 
on,  in  an  injurious  or  poisonous  manner.  This  is  shown  by  the 
surface  of  the  stigma  in  contact  with  the  pollen,  and  by  the  pollen 
itself,  becoming  in  from  three  to  five  days  dark  brown,  ana  then 
decaying.  The  discoloration  and  decay  are  not  caused  by 
parasitic  cryptograms,  which  were  observed  by  Fritz  Muller  in  only 
a  single  instance.  These  changes  are  well  shown  by  placing  on 
the  same  stigma,  at  the  same  time,  the  plant's  own  pollen  and 
that  from  a  distinct  plant  of  the  same  species,  or  of  another 
species,  or  even  of  another  and  widely  remote  genus.  Thus, 
on  the  stigma  of  Onridium  Jiexuannm,  the  plant's  own  pollen  and 
that  from  a  distinct  plant  were  placed  side  by  side,  and  in  five  days' 
time  tlie  latter  was  perfectly  fresh,  whilst  the  plant's  own  pollen 
was  brown.  On  the  other  hand,  when  the  pollen  of  a  distinct  j)lant 
of  the  Oncidium  flaxnosnm  and  of  the  Kpidendrum  zebra  (iiov, 
spec,  f)  were  placed  together  on  the  same  stigma,  they  behaved  in 
exactly  the  same  manner,  the  grains  separating,  emitting  tubo^, 
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and  penetrating  the  stigma,  so  that  the  two  pollen-masses,  after  an 
interval  of  eleven  days,  could  not  be  distinguished  except  by  the 
diflfcrencc  of  their  caudicles,  which,  of  course,  undergo  no  change. 
Fritz  Miiller  has,  moreover,  made  a  large  number  of  crosses  between 
orchids  belonging  to  distinct  species  and  genera,  and  he  finds  that 
iiv  all  cases  when  the  flowers  are  not  fertilised  their  footstalks  first 
iKJgin  to  wither ;  and  the  withering  slowly  spreads  upwards  tintii 
the  germens  fall  oflf,  after  an  interval  of  one  or  two  weeks,  and  in 
one  instance  of  between  six  and  seven  weeks ;  but  even  in  this  latter 
case,  and  in  most  other  cases,  the  pollen  and  stigma  remained  in 
apjxjarance  fresh.  Occasionally,  however,  the  pollen  becomes 
brov^Tiish,  generally  on  the  external  surface,  and  not  in  contact  with 
the  stigma,  as  is  invariably  the  case  when  the  plant's  own  pollen  is 
applied. 

Fritz  Miiller  observed  the  poisonous  action  of  the  plant's  own 
]X)llen  in  the  alx)ve-mentioned  Uucidium  Jicxuosum,  O,  unicorne, 
ptibf^s  (y),  and  in  two  other  unnamed  species.  Also  in  two  species  of 
Rodriguezia,  in  two  of  Notylia,  in  one  of  Burlingtonia,  and  of  a 
fourth  genus  in  the  same  group.  In  all  these  cases,  except  the  last, 
it  was  proved  that  the  flowers  were,  as  might  have  been  expected, 
fertile  with  pollen  from  a  distinct  plant  of  the  same  species. 
Numerous  flowers  of  one  species  of  Notylia  were  fertilised  with 
l)ollen  from  the  same  raceme  ;  in  two  days'  time  they  all  withered, 
the  germens  k'gan  to  shrink,  the  pollen-masses  l)ecame  dark  brown, 
and  not  one  pollen-grain  emitted  a  tube.  So  that  in  this  orcliid  the 
injurious  action  of  the  plant's  own  ]x>llen  is  more  rapid  than  with 
Oncidium  Jlexuosvm.  Eight  other  flowers  on  the  same  raceme  were 
fertilised  with  pollen  from  a  distinct  i)lant  of  the  same  species:  two 
of  these  were  dissected,  and  their  stigmas  were  found  to  be  pene- 
trated by  numberless  ]X)llen-tubes ;  and  the  germens  of  the  other 
six  flowers  became  well  developed.  On  a  subsequent  occasion  many 
other  flowers  were  fertilised  with  their  own  pollen,  and  all  fell  off 
dead  in  a  few  days ;  whilst  some  flowers  on  the  same  raceme  which 
ha<l  l>een  left  simply  unfertilised  adhered  and  long  remained  fresh. 
We  have  seen  that  in  cross-unions  between  extremely  distinct 
orchids  the  jwllen  long  remains  undecayed  ;  but  Notylia  behaved 
in  tliis  respect  differently ;  for  when  its  pollen  was  placed  on  the 
stigma  of  Oncidiumjfexuosinn,  hoih  tlie  stigma  and  pollen  quickly 
l)ecaine  dark  brown,  in  the  same  manner  as  if  the  plant's  own  pollen 
had  been  applied. 

Fritz  Miiller  suggests  that,  as  in  all  these  cases  the  plant's  own 
pollen  is  not  only  impotent  (tlms  effectually  preventing  self-fertilisa- 
tion), but  likewise  i)re vents,  as  was  ascertained  in  the  case  of  the 
Notylia  and  O/iddium  flcxuosum,  the  action  of  subsequently  applied 
pollen  from  a  distinct  individual,  it  would  be  an  advantage  to  tho 
|)lant  to  have  its  own  pollen  rendered  more  and  more  deleterious; 
for  the  gcrnions  would  thus  quickly  Ih)  killed,  and  dropping  off, 
there  would  be  no  further  waste  in  nourisliing  a  park  which 
ultimately  could  be  of  no  avail 
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Tlic  some  naturalist  found  in  Brazil  three  plants  of  a  Bignonia 
growing  near  together.  He  fertilised  twenty-nine  flowerets  on  one 
of  them  with  their  own  pollen,  and  they  did  not  set  a  single 
capsule.  Thirty  flowers  were  then  fertilised  with  i)ollen  from  a 
distinct  plant,  one  of  the  three,  and  they  yielded  only  two  capsules. 
Lastly,  five  flowers  were  fertilised  with  pollen  from  a  fourth 
))lant  growing  at  a  distance,  and  all  five  produced  capsules. 
Fritz  Miiller  thinks  that  the  three  plants  which  grew  near  one 
another  were  probably  seedlings  from  the  same  parent,  and  that 
from  being  closely  related,  they  acted  very  feebly  on  one  another. 
This  view  is  extremely  probable,  for  he  has  since  shown  in  a 
remarkable  paper,^*  that  in  the  case  of  some  Brazilian  species  of 
Abutilon,  which  are  self-sterile,  and  between  which  he  raised  some 
complex  hybrids,  that  these,  if  near  relatives,  were  much  less  fertile 
I'ntjr  se,  than  when  not  closely  related. 

Wo  now  como  to  cases  closely  analogous  with  Ihoso  ju«>t 
given,  but  different  in  so  far  that  only  certain  individuals 
of  the  species  are  self-sterile.  This  self-impotence  docs  not 
depend  on  the  pollen  or  ovules  being  in  an  unfit  state  for 
fertilisation,  for  both  have  been  found  effective  in  union  with 
other  plants  of  the  same  or  of  a  distinct  species.  The  fact 
of  plants  having  acquired  s^^o  peculiar  a  constitution,  Ihatthoy 
can  be  fertilised  more  readily  by  the  pollen  of  a  distinct 
species  than  by  their  own,  is  exactly  the  reverse  of  what 
occurs  with  all  ordinary  species.  For  in  the  latter  the  two 
sexual  elements  of  the  same  individual  plant  are  of  course 
capable  of  freely  acting  on  each  other ;  but  are  so  constituted 
that  they  are  more  or  less  impotent  when  brought  into  union 
with  the  sexual  elements  of  a  distinct  species,  and  produce 
more  or  less  sterile  hybrids. 

Gartner  experimented  on  two  plants  of  Lobelia  fulgens,  brought 
from  separate  places,  and  found '^  that  their  pollen  was  good,  for  he 
fertilised  with  it  />.  airdiualis  and  syphilitica ;  their  ovules  were 
likewise  good,  for  they  were  fertilised  by  the  pollen  of  these  same 
two  species ;  but  these  two  plants  oiL.fulgens  could  not  be  fertilised 
by  their  own  jx)llcn,  as  can  generally  bo  effected  with  perfect  ease 
with  this  sjKJcies.  Again,  the  pollen  of  a  plant  of  Verbnncmn  nigrum 
grown  in  a  pot  was  found  by  Gartner  "'*  capable  of  fertilising  V. 
lychnitia  and  V.  austriacum ;  the  ovules  coulci  be  fertilised  by  the 


»>  « Jonalsche  Zeitschrift  fiir  Xatur-  Naturali.st,' 1874,  p.  223. 

wU«.'  B.  vii.  p.  22,  1872,  and  p.  441,  •»  *  Bastarderzeugung,*  s.  64,  357. 

1873.     A  large  part  of  this  paper  has  **  Ibi'i.,  s.  357. 
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pollen  o(  V.  fJui/Jsus;  but  tlic  Roirors  could  not  be  fctlilised  by  their 
own  pollen.  Eolroatcr,  also,'*  gives  the  case  of  three  garden  plwita 
of  VerbaKiimplnxnieeuai,  which  boiodnring  two  jears niany  llowers  ; 
thoEo  he  fertilised  suci^essfnlly  with  the  pollen  of  no  loss  tbim 
four  distinct  species,  but  they  produced  not  u  seed  with  thejr  own 
ftpparvntly  good  pollen ;  anbterjuently  these  same  plante,  Kod  others 
rnised  from  seed,  assumed  a  etrtin^ly  fluctuating  eondition,  beii^;'  i 
temporftrily  sUrile  on  the  male  or  female  side,  or  on  both  sides,  anil  \ 
sometimes  fertile  on  both  sides ;  but  two  of  the  plants  were  perfectly 
fertile  thtougliout  the  summer. 

With  Betedii  odorutn  I  hare  found  c«rtain  individuals  qmie  Btenlo  j 
with  their  own  poUeD,  and  so  it  is  with  the  indigenous  Eaeila  IhUo. 
The  self-sterile  plants  of  both  specien  were  perfectly  fertile  when 
crossed  with  pollen  from  any  othiT  indiTidoal  of  the  same  species. 
These  obscrvatious  will  hereafter  be  published  in  another  work,  in  ' 
which  I  shall  also  show  that  seeds  sent  to  me  by  Fritz  Untler  i 
produced  bj  pliwts  of  EirMchollzia  ra}ifiiFaici  whjch  were  qaito    | 
self-sterile  iu  Brazil,  yielded  in  this  eouutry  plants  which  were  taiif  • 
slightly  self-sterile.  ' 

It  appears"  that  certain  flowera  on  certain  plants  of  Lilium  l 
'an'liilant  Can  be  fertiliscii  more  freely  by  ^llcn  from  a  distinct.  \ 
individual  than  by  their  own.  So,  again,  with  the  varietieB  of  ttw  i 
putato.  Tiazmann,"  who  made  many  trials  with  this  plant,  myn  ' 
that  pollen  from  another  variety  sometimes  "eierts  a  powerful  { 
"  influence,  and  I  have  found  sorts  of  potatoes  which  would  Sot  t 
"  bear  seed  from  impregnation  with  the  pollen  of  their  own  flowen  i 
"  would  bear  it  when  impregnated  with  other  pollen."  It  doea  ' 
not,  however,  appear  to  hare  been  proved  that  the  pollen  which  * 
Eiiled  to  act  on  the  flower's  own  stigma  was  in  itself  good. 

In  the  genus  Passiflora  it  has  long  been  known  that  severot    I 
.meeice  do  not  produce  fruit,  unless  fertilised  by  pollen  taken  CroiD   < 
(UBtioot  species :  thus,  Mr.  Mowbray^'  found  that  be  could  not  get' 
fruit  from  1'.  alata  and  raremaaa  except  by  reciprocally  fertUieiHA 
them  with  each  other's  pollen;  and  similar  ractshaveboenobeervoa 
ill  Germany  and  Franco."     I  liavo  received  two  accounts  of  P. 
mtadraagularin  never   producing  fruit   from  its  own  pollen,  but    | 
doing  so  freely  when  fertilised  in  one  esse  with  the  pollen  of  /',    ' 
carviipt,  and  in  another  case  with  that  of  F.  edulh.    hat  in  thiea  | 


•Za«ltB  F'irtHtcting,'  •.  10; 
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other  cases  this  species  fruited  freely  when  fertilised  with  its  own 
pollen ;  and  the  writer  in  one  case  attributed  the  favourable  result 
to  the  temperature  of  the  house  having  been  raised  from  5°  to  10° 
Fahr.  above  the  former  temperature,  after  the  flowers  were  fertilised.'* 
With  respect  to  P.  laurifolia,  a  cultivator  of  much  experience  has 
recently  remarked*®  that  the  flowers  "must  be  fertilised  with  the 
pollen  of  P.  coeriUea,  or  of  some  other  common  kind,  as  their  own 
pollen  will  not  fertilise  them,"  But  the  fullest  details  on  this 
subject  have  been  given  by  Messrs.  Scott  and  Eobertson  Munro :" 
plants  of  Passi/lora  racemosa,  ccerulea,  and  alata  flowered  profusely 
during  many  years  in  the  Botanic  Gardens  of  Edinburgh,  and, 
though  repeatedly  fertilised  with  their  own  pollen,  never  produced 
any  seed ;  yet  this  occurred  at  once  with  all  three  species  when  they 
were  crossed  together  in  various  ways.  In  the  case  of  P.  coeruha 
three  plants,  two  of  which  grew  in  tlio  Botanic  Gardens,  were  all 
rendered  fertile,  merely  by  impregnating  each  with  pollen  of  one  of 
the  others.  The  same  result  was  attained  in  the  same  manner  with 
P.  alata,  but  with  only  one  plant  out  of  throe.  As  so  many  self- 
sterile  species  of  Passiflora  have  been  mentioned,  it  should  bo 
stated  that  the  flowers  of  the  annual  P.  gracilis  are  nearly  as  fertile 
with  their  own  pollen  as  with  that  from  a  distinct  plant;  thus 
sixteen  flowers  spontaneously  self-fertilised  produced  fruit,  each 
containing  on  an  average  21*8  seed,  whilst  fruit  from  fourteen 
crossed  flowers  contained  241  seed. 

Returning  to  P.  alata,  I  have  received  (1866)  some  interesting 
details  from  Mr.  Robertson  Munro.  Three  plants,  including  one  in 
England,  have  already  been  mentioned  wliich  were  inveterately 
self-sterile,  and  Mr.  Munro  informs  me  of  several  others  which, 
after  repeated  trials  during  many  years,  have  been  found  in  the 
same  predicament.  At  some  other  places,  however,  this  species 
fruits  readily  when  fertilised  with  its  own  pollen.  At  Taymouth 
Castle  there  is  a  plant  which  was  formerly  grafted  by  Mr.  Donaldson 
on  a  distinct  species,  name  unknown,  and  ever  since  the  operation 
it  has  produced  fruit  in  abundance  by  its  own  pollen;  so  that  this 
small  and  unnatural  change  in  the  state  of  this  plant  has  restored 
its  self-fertility !  Some  of  the  seedlings  from  the  Taymouth  Castle 
plant  were  found  to  be  not  only  sterile  with  their  own  pollen,  but 
with  each  other's  pollen,  and  with  the  pollen  of  distinct  species. 
Pollen  from  the  Taymouth  plant  failed  to  fertilise  certain  plants  of  the 
same  species,  but  was  successful  on  one  plant  in  the  Edinburgh 
Botanic  Gardens.  Seedlings  were  raised  from  this  latter  union,  and 
some  of  their  flowers  were  fertilisetl  by  Mr.  Munro  with  their  own 
pollen ;  but  they  were  found  to  be  as  self-impotent  as  the  mother- 
plant  had  always  proved,  except  when  fertilised  by  the  grafted 
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South  "Wales,**  asserts  that  Amaryllis  helladcnna  bears  many  more 
seeds  when  fertilised  by  the  pollen  of  Brumwigia  {Amaryllis  of  some 
authors)  jostphince  or  of  B.  multiflora,  than  when  fertilised  by  its 
ow-n  pollen.  Mr.  Beaton  dusted  four  flowers  of  a  Cyrtanthus  with 
their  own  pollen,  and  four  with  the  pollen  of  Vallota  (Amaryllis) 
purpurea;  on  the  seventh  day  "those  which  received  their  own 
**  jKDllen  slackened  their  growth,  and  ultimately  perished;  those 
"  which  were  crossed  with  the  Vallota  held  on."  "  These  latter  cases, 
however,  relate  to  uncrossed  species,  like  those  before  given  with 
respect  to  Passiflora,  Orchids,  &c.,  and  are  here  referred  to  only 
Ijecause  the  plants  belong  to  the  same  group  of  Amaryllidaccce. 

In  the  experiments  on  the  hybrid  Hippeastrums,  if  Herbert  had 
found  that  the  pollen  of  two  or  three  kinds  alone  had  been  more 
efficient  on  certain  kinds  than  their  own  pollen,  it  might  have  been 
argued  that  these,  from  their  mixed  parentage,  had  a  closer  mutual 
affinity  than  the  others;  but  this  explanation  is  inadmissible,  for 
the  trials  were  made  reciprocally  backwards  and  forwards  on  nine 
different  hybrids ;  and  a  crass,  whichever  way  taken,  always  proved 
highly  beneficial.  I  can  add  a  striking  and  analogous  case  from 
experiments  made  by  the  Rev.  A.  Rawson,  of  Bromley  Common, 
with  some  complex  hybrids  of  GladioUis.  This  skilful  horticul- 
turist possessed  a  number  of  French  varieties,  differing  from  each 
other  only  in  the  colour  and  size  of  the  flowers,  all  descended  from 
Gandavensis,  a  well-known  old  hybrid,  said  to  be  descended  from 
(/.  natalensis  by  the  pollen  of  (/.  oppositijloi-us.*^  Mr.  Rawson,  after 
repeated  trials,  found  that  none  of  the  varieties  would  set  seed  with 
their  own  pollen,  although  taken  from  distinct  plants  of  the  same 
variety  (which  had,  of  course,  been  propagated  by  bulbs),  but  that 
they  all  seeded  freely  with  pollen  from  any  other  variety.  To  give 
two  examples :  Ophir  did  not  produce  a  capsule  with  its  own  pollen, 
but  when  fertilised  with  that  of  Janire,  Brenchleyensis,  Vulcain 
and  Linne,  it  produced  ten  fine  capsules;  but  the  pollen  of  Ophir 
was  good,  for  when  Linne  was  fertilised  by  it  seven  capsules  were 
produced.  This  latter  variety,  on  the  other  hand,  was  utterly 
l>arren  with  its  own  pollen,  which  wo  have  seen  was  perfectly 
efficient  on  Ophir.  Altogether,  Mr.  Rawson,  in  the  year  1861, 
fertilised  twenty-six  flowers  borne  by  four  varieties  with  pollen 
taken  from  other  varieties,  and  every  single  flower  produced  a  fine 
seed-capsule ;  whereas  fifty-two  flowers  on  the  same  plants,  fertilised 
at  the  same  time  with  their  own  ix)llen,  did  not  yield  a  single  sced- 
capsulo.    Mr.  Rawson  fertilised,  in  some  cases,  the  alternate  flowers, 

•*  *  Gardener's  Chronicle,*  1850,  p.  Hort.,*  18Gl,p.453.     Lecoq,  howevor 

470.  ('  De  la  Fccon.l./  1862,  p.  369),  states 
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and  in  other  cases  all  those  down  one  side  of  the  spike,  with  pollen 
of  other  varieties,  and  the  remaining  flowers  with  their  own  pollen. 
I  saw  these  plants  when  the  capsules  were  nearly  mature,  and 
their  curious  arrangement  at  once  brought  full  conviction  to  the 
mind  that  an  immense  advantage  had  been  derived  from  crossing 
these  hybrids. 

Lastly,  I  have  heard  from  Dr.  E.  Bornet,  of  Antibes,  who  has 
made  numerous  experiments  in  crossing  the  species  of  Cistus,  but 
has  not  yet  published  the  results,  that,  when  any  of  these  hybrids 
are  fertile,  they  may  be  said  to  be,  in  regard  to  function,  dioecions ; 
"  for  the  flowers  are  always  sterile  when  the  pistil  is  fertilised  by 
"  pollen  taken  from  the  same  flower  or  from  flowers  on  the  same 
"  plant.  But  they  are  often  fertile  if  |X)llcn  be  employed  from  a 
•'  distinct  individual  of  the  same  hybrid  nature,  or  from  a  hybrid 
"  made  by  a  reciprocal  cross." 

Conclusion, — That  plants  should  be  self-sterilo,  although 
both  sexual  elements  are  in  a  fit  state  for  reproduction,  appears 
at  first  sight  opposed  to  all  analogy.  With  respect  to  tho 
species,  all  the  individuals  of  which  are  in  this  state,  although 
living  under  their  natural  conditions,  wo  may  conclude  that 
their  self-6t<)rility  has  been  acquired  for  the  sake  of  effectually 
preventing  self- fertilisation.  The  case  is  closely  analogous 
with  that  of  dimorphic  and  trimorphic  or  heterostyled  plants, 
which  can  l^o  fully  fertilised  only  by  plants  belonging  to  a 
different  form,  and  not,  as  in  the  foregoing  cases,  indifferently 
by  any  other  individual  of  the  species.  Some  of  these  hetero- 
styled plants  are  completely  sterile  with  pollen  taken  from 
the  same  plant  or  from  the  same  form.  With  respect  to 
species  living  under  their  natural  conditions,  of  which  only 
certain  individuals  are  self-sterile  (as  with  Iteseda  lukd)^  it 
is  probable  that  these  have  been  rendered  self-sterile  to  ensure 
occasional  cross- fertilisation,  whilst  other  individuals  have 
lemained  self- fertile  to  ensure  the  propagation  of  the  species. 
The  case  seems  to  be  parallel  with  that  of  plants  which 
produce,  as  Hermann  IVIiiller  has  discovered,  two  forms 
— one  l)caring  more  conspicuous  flowers  with  their  structure 
adapted  for  cross-fertilisation  by  insects,  and  the  other  form 
with  less  conspicuous  flowers  adapted  for  self-fertilisation. 
The  self-sterility,  however,  of  some  of  the  foregoing  plants 
is  incidental  on  the  conditions  to  which  they  have  beeir 
Hubjo^'ted,   as    with   the  Eschscholtzia,    the    Verhascnm  ph<je- 
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niceum  (the  sterility  of  which  varied  according  to  the  season), 
and  with  the  Pamflora  alaia^  which  recovered  its  self-fertility 
when  grafted  on  a  different  stock. 

It  is  interesting  to  observe  in  the  above  several  cases  the 
graduated  series  from  plants  which,  when  fertilised  by  their 
own  pollen,  yield  the.  full  number  of  seeds,  but  with  the 
seedlings  a  little  dwarfed  in  stature — to  plants  which  when 
self-fertilised  yield  few  seeds — to  those  which  yield  none, 
but  have  their  ovaria  somewhat  developed — and,  lastly,  to 
those  in  which  the  plant's  own  pollen  and  stigma  mutually 
act  on  one  another  like  poison.  It  is  also  interesting  to 
observe  on  how  slight  a  diflference  in  the  nature  of  the  pollen 
or  of  the  ovules  complete  self-sterility  or  complete  self- fertility 
must  depend  in  some  of  the  above  cases.  Every  individual 
of  the  self-sterile  species  appears  to  be  capable  of  producing 
the  full  complement  of  seed  when  feililised  by  the  pollen  of 
any  other  individual  (though  judging  from  the  facts  given 
with  respect  to  Abutilon  the  nearest  kin  must  be  excepted)  ; 
but  hot  one  individual  can  bo  fertilised  by  its  own  pollen. 
As  every  organism  differs  in  some  slight  degree  from  every 
other  individual  of  the  same  species,  so  no  doubt  it  is  with 
their  pollen  and  ovules ;  and  in  tho  above  cases  we  must 
believe  that  complete  self-sterility  and  complete  self-fertility 
depend  on  such  slight  differences  in  the  ovules  and  pollen,  and 
not  their  having  been  differentiated  in  some  special  manner 
in  relation  to  one  another ;  for  it  is  impossible  that  the  sexual 
elements  of  many  thousand  individuals  should  have  been 
specialised  in  relation  to  every  other  individual.  In  some,  how- 
ever, of  the  above  cases,  as  with  certain  Passifloras,  an  amount 
of  differentiation  between  the  pollen  and  ovules  sufficient 
for  fertilisation  is  gained  only  by  employing  poUen  from  a 
distinct  species  ;  but  this  is  probably  the  result  of  such  plants 
having  been  rendered  somewhat  sterile  from  the  unnatural 
conditions  to  which  they  have  been  exposed. 

Exotic  animals  confined  in  menagerie43  are  sometimes  in 
nearly  tho  same  state  as  the  above-described  self-impotent 
plants  ;  for,  as  we  shall  see  in  tho  following  chapter,  certain 
monkeys,  the  larger  camivora,  several  finches,  geese,  and 
pheasants,  cross  together,  quit«  as  freely  as,  or  oven  more 
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freely  than  the  individuals  of  tlie  same  species  breed  together. 
Cases  will,  also,  be  given  of  sexnal  incompatibility  between 
certain  male  and  female  domesticated  animals,  which,  never- 
theless, are  fertile  when  matched  with  any  other  individual 
of  the  same  kind. 

In  the  early  part  of  this  chapter  it  was  shown  that  the 
crossing  of  individuals  belonging  to  distinct  families  of  the 
same  race,  or  to  different  races  or  species,  gives  increased  size 
and  constitutional  vigour  to  the  offspring,  and,  except  in  the 
case  of  crossed  species,  increased  fertility.  The  evidence 
lests  on  the  universal  testimony  of  breeders  (for  it  should  be 
observed  that  I  nm  not  here  speaking  of  the  evil  results  of 
close  interbreeding),  and  is  practically  exemplified  in  the 
higher  value  of  cross-bred  animals  for  immediate  consump- 
tion. The  good  results  of  crossing  have  also  been  demon- 
strated with  some  animals  and  with  numerous  plants,  by 
actual  weight  and  measurement.  Although  animals  of  pure 
blood  will  obviously  be  deteriorated  by  crossing,  as  far  as 
their  characteristic  qualities  are  concerned,  there  seems  to  be 
no  exception  to  the  rule  that  advantages  of  the  kind  just 
mentioned  are  thus  gained,  even  when  there  has  not  been  any 
previous  close  interbreeding;  and  the  rule  applies  to  such 
animals  as  cattle  and  sheep,  which  can  long  resist  breeding 
in-and  in  between  the  nearest  blood-relations. 

In  the  case  of  crossed  species,  although  size,  vigour,  pre- 
cocity, and  hardiness  are,  with  rare  exceptions,  gained,  fer- 
tility, in  a  greater  or  less  degree,  is  lost ;  but  the  gain  in  the 
al)ove  respects  can  hardly  be  attributed  to  the  principle  of 
compenstation ;  for  there  is  no  close  parallelism  between  tht» 
increased  size  and  vigour  of  hybrid  offspring  and  their 
sterility.  Moreover,  it  has  been  clearly  proved  that  mongrels 
which  are  ixjrfectly  fertile  gain  these  same  advantages  as  well 
as  sterile  hvbrids. 

AVith  the  higher  animals  no  special  adaptations  for  ensuring 
occasional  crosses  Ixitween  distinct  families  seem  to  exist. 
The  eagerness  of  the  males,  leading  to  severe  competition 
lx5tween  them,  is  sufficient ;  for  even  with  gregarious  animals, 
the  old  and  dominant  males  will  l)o  dispossessed  after  a  time 
and  it  would  be  a  mere  chance  if  a  closely  related  member 
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of  the  same  family  were  to  be  the  victorious  successor.  The 
structure  of  many  of  the  lower  animals,  when  they  are 
hermaphrodites,  is  such  as  to  prevent  the  ovules  being  fer- 
tilised by  the  male  element  of  the  same  individual ;  so  that 
the  concourse  of  two  individuals  is  necessary.  In  other  cases 
the  access  of  the  male  element  of  a  distinct  individual  is 
at  least  possible.  "With  plants,  which  are  afHxcd  to  tlio 
ground  and  cannot  wander  from  place  to  place  like  animals, 
the  numerous  adaptations  for  cross-fertilisation  are  wonder- 
fully perfect,  as  has  been  admitted  by  every  one  who  has 
studied  the  subject. 

The  evil  conseciuences  of  long-continued  close  interbreeding 
are  not  so  easily  recognised  as  the  good  effects  from  crossing, 
fur  the  deterioration  is  gradual.  Nevertheless,  it  is  the 
general  opinion  of  those  who  have  had  most  experience, 
especially  with  animals  which  propagate  quickly,  that  evil 
does  inevitably  follow  sooner  or  later,  but  at  different  rates 
with  different  animals.  No  doubt  a  false  belief  may,  like  a 
superstition,  prevail  widely ;  yet  it  is  difficult  to  suppose  that 
80  many  acute  observers  have  all  been  deceived  at  the  expense 
of  much  cost  and  trouble.  A  male  animal  may  sometimes  be 
paired  with  his  daughter,  granddaughter,  and  so  on,  even  for 
seven  generations,  without  any  manifest  bad  result :  but  the 
experiment  has  never  been  tried  of  matching  brothers  and 
sisters,  which  is  considered  the  closest  form  of  interbreeding, 
for  an  eriual  number  of  generations.  There  is  good  reason  to 
iKjlieve  that  by  keeping  the  memlxTS  of  the  same  family  in 
distinct  bodies,  especially  if  exposed  to  somewhat  different 
conditions  of  life,  and  by  occasionally  crossing  these  families, 
the  evil  results  of  interbreeding  may  be  much  diminished  or 
cpiite  eliminated.  Those  results  are  loss  of  constitutional 
vigour,  size,  and  fertility;  but  there  is  no  necessary  dete- 
rioration in  the  general  form  of  the  bo<ly,  or  in  other  good 
ciualities.  We  have  seen  that  with  pigs  iirst-rato  animals 
have  Ixjen  produced  after  long-continued  close  interbreeding, 
though  they  had  ])ecome  extremely  infertile  when  paired 
with  their  near  relations.  The  loss  of  fertility,  when  it 
occurs,  fecems  never  to  bo  al>solute,  but  only  relative  to 
animals  of  the  same  blood  ;  so  that  this  f^terility  is  to  a  certain 
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extent  analogous  with  that  of  self-impotent  plants  which 
cannot  be  fertilised  by  their  own  pollen,  but  are  perfectly 
fertile  with  pollen  of  any  other  individual  of  the  same  species. 
The  fact  of  infertility  of  this  peculiar  nature  being  one  of  the 
results  of  long-continued  interbreeding,  shows  that  inter- 
breeding does  not  act  merely  by  combining  and  augmenting 
various  morbid  tendencies  common  to  both  parents;  for 
animals  with  such  tendencies,  if  not  at  the  time  actually  ill, 
can  generally  propagate  their  kind.  Although  ofifspring 
descended  from  the  nearest  blood-relations  are  not  necessarily 
deteriorated  in  structure,  yet  some  authors  believe  that  they 
are  eminently  liable  to  malformations;  and  this  is  not  im- 
probable, as  everything  which  lessens  the  vital  powers  acts 
in  this  manner.  Instances  of  this  kind  have  been  recorded 
in  the  case  of  pigs,  bloodhounds,  and  some  other  animals. 

Finally,  when  we  consider  the  various  facts  now  given 
which  plainly  show  that  good  follows  from  crossing,  and  less 
plainly  that  evil  follows  from  close  interbreeding,  and  when 
we  bear  in  mind  that  with  very  many  organisms  elaborate 
provisions  have  been  made  for  the  occasional  union  of  distinct 
individuals,  the  existence  of  a  great  law  of  nature  is  almost 
proved ;  namely,  that  the  crossing  of  animals  and  plants 
which  are  not  closely  related  to  each  other  is  highly  beneficial 
or  even  necessary,  and  that  interbreeding  prolonged  during 
many  generations  is  injurious. 
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CHAPTER  XVIII. 

ON     THE    ADVANTAGES     AND     DISADVANTAGES     OF     CHANGED 
CONDITIONS  OF  LIFE  :   STERILITY  FROM  VARIOUS  CAUSES. 

ON  THE  GOOD  DERIVED  FROM  SLIGHT  CHANGES  IN  THE  CONDITIONS  OF  LIFE 
— STERILITY  FROM  CHANGED  CONDITIONS,  IN  ANIMALS,  IN  THEIR  NATIVE 
COUNTRY  AND  IN  MENAGERIES — MAMMALS,  BIRDS,  AND  INSECTS — LOSS  OF 
SECONDARY  SEXUAL  CHARACTERS  AND  OF  INSTINCTS — CAUSES  OF  STERILITY 
— STERILITY  OF  DOMESTICATED  ANIMALS  FROM  CHANGED  CONDITIONS — 
BEXCAL  INCOMPATIBILITY  OF  INDH'^IDUAL  ANIMALS — STERILITY  OF  PLANTS 
FROM  CHAN(SED  CONDITIONS  OF  LIFE — CONTABESCENCE  OF  THE  ANTHERS 
— MONSTROSITIES  AS  A  CAUSE  OP  STERILITY — DOUBLE  FLOWERS — SEEDLESS 
FRUIT — STERILITY  FROM  THE  EXCESSIVE  DEVELOPMENT  OF  THE  ORGANS 
OF  VEGETATION — FROM  LONG-CONTINUED  PROPAGATION  BY  BUDS — IN- 
CIPIENT STERILITY  THE  PRIMARY  CAUSE  OF  DOUBLE  FLOWERS  AND 
SEEDLESS  FRUIT. 

On  the  Good  derived  from  alight  Changes  in  the  Conditions  of 
Life.  —Is  consideriDg  whether  any  facts  were  knoT\Ti  which 
might  throw  light  on  the  conclusion  arrived  at  iu  the  last 
chapter,  namely,  that  benefits  ensue  from  crossing,  and  that 
it  is  a  law  of  nature  that  all  organic  beings  should  occasionally 
cross,  it  appeared  to  me  probable  that  the  good  derived  from 
slight  changes  in  the  conditions  of  life,  from  being  an  analo> 
gous  phenomenon,  might  serve  this  purpose.  Ko  two  indi- 
viduals, and  still  less  no  two  varieties,  are  absolutely  alike 
in  constitution  and  structure ;  and  when  the  germ  of  one  is 
fertilised  by  the  male  element  of  another,  wo  may  believe  that 
it  is  acted  on  in  a  somewhat  similar  manner  as  an  individual 
when  exposed  to  slightly  changed  conditions.  Now,  every 
one  must  have  observed  the  remarkable  influence  on  conva- 
lescents of  a  change  of  residence,  and  no  medical  man  doubts 
the  truth  of  this  fact.  Small  farmers  who  hold  but  little 
land  are  convinced  that  their  cattle  derive  great  benefit  from 
a  change  of  pasture.  In  the  case  of  plants,  the  evidence  is 
strong  that  a  great  advantage  is  derived  from  exchanging 
seeds,  tubers,  bulbs,  and  cuttings  from  one  soil  or  place  to 
another  as  different  as  possible. 
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The  l)elicf  that  i^lants  are  thus  l>enefitcd,  whether  or  not  well 
founded,  has  been  firmly  maintained  from  the  time  of  Columella, 
who  wrote  shortly  after  the  Christian  era,  to  the  present  day ;  and 
it  now  prevails  in  England,  France,  and  Germany.*  A  sagacious 
observer,  Bradley,  writing  in  1724,*  says,  **  When  we  onco  become 
"  Masters  of  a  pood  Sort  of  Seed,  wo  should  at  least  put  it  into 
"  Two  or  Three  Hands,  where  the  Soils  and  Situations  are  as  dif- 
"  ferent  as  possible ;  and  every  Year  the  Parties  should  change 
"  with  one  another ;  by  which  Means,  I  find  the  Goodness  of  the 
*'  Seed  will  l)o  maintained  for  several  Years.  For  Want  of  this 
"  Use  many  Farmers  have  failed  in  their  Crops  and  been  great 
**  Losers."  Ho  then  gives  his  own  practical  experience  on  this 
head.  A  modem  writer  *  asserts,  "  Nothing  can  l)e  more  clearly 
"  established  in  agriculture  than  that  the  continual  growth  of  any 
"  one  variety  in  the  same  district  makes  it  liable  to  deterioration 
"  either  in  quality  or  quantity."  Another  writer  states  that  ho 
sowed  close  together  in  the  same  field  two  lots  of  wheat-seed,  Iho 
product  of  the  same  original  stock,  one  of  which  had  been  grown 
on  the  same  land  and  the  other  at  a  distance,  and  the  difference  in 
favour  of  the  crop  from  the  latter  seed  was  remarkable.  A  gentle- 
man in  Surrey  who  has  long  made  it  liis  business  to  raise  wheat  to 
Fell  for  seed,  and  who  has  constantly  realised  in  tl\e  market  higher 
])ricc8  than  others,  assures  mo  that  ho  finds  it  indisi)ensable  con- 
tinually to  change  his  seed  ;  and  that  lor  this  purjxyse  he  keejis  two 
farms  differing  much  in  soil  and  elevation, 

W^ith  rc*six)ct  to  the  tul)ers  of  the  jwtato,  I  find  that  at  the  present 
day  the  practice  of  exchanging  sets  is  almost  everywhere  followed. 
The  great  growers  of  j)otatoes  in  Lancashire  formerly  used  to  get 
tulxjrs  from  Scotland,  but  they  found  that  "  a  change  from  the 
moss-lands,  and  vice  vwm,  was  generally  sufticicut."  In  former 
times  in  France  the  crop  of  potatoes  in  the  Vosges  had  l)ecome 
reduced  in  the  course  of  fifty  or  sixty  years  in  the  projwrtion  from 
120-150  to  30-40  bushels ;  and  the  famous  Oberlin  attributed  the 
surprising  good  which  he  effected  in  large  part  to  changing  the  sets.* 

A  well-known  practical  gardener,  Mr.  Kobson,^  ix)8itively  states 


'  VoT  Englan<l,  see  below.  For 
(Jerniany,  5<vMotz£jcr, '  Getn-idcarten,* 
1841,  s.  63.  For  Franco,  l/)iseleur- 
Do.slonijrhamps  ('Consid.  siir  l«*.s 
Ccreales,*  1843,  p.  l'«»0)  gives  nii- 
inorous  reference's  on  i\\\<  sulij«*ct.  For 
Southern  Franw,  sec  (Jodrou, '  Florula 
Juvenalis/  1»54,  p.  *JH. 

'  'A  General  Treatise  of  Ilus- 
hamiry,*  vol.  iii.  j).  .')H. 

'  *  Gardener's  Chronicle  and  Agri- 
cult.  Gazette/  ia:)8.  p.  *J47  ;  and  lor 
the  second  statement,  Ihid.,  18.')0,  p. 
70'J.     On  this  8aine  huhjei-t,  sec  also 
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Hiirhland  Agri<ult,  Soc./  vol.  ii.  j>. 
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*  Uborlin's  *  Memoirs,*  Kng.  trans- 
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For  Mr.  Robson's  subsequent  state- 
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Frb.  18,  180«3,  p.  121.  For  Mr. 
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that  ho  1ms  himself  witnessed  decided  advantage  from  obtaining 
bulbs  of  the  onion,  tubers  of  the  potato,  and  various  seeds,  all  of 
the  same  kind,  from  different  soils  and  distant  parts  of  England. 
He  further  states  that  with  plants  propagated  by  cuttings,  as  with 
the  Pelargonium,  and  especially  the  Dahlia,  manifest  advantage  is 
derived  from  getting  plants  of  the  same  variety,  which  have  been 
cultivated  in  another  place ;  or,  "  where  the  extent  of  the  place 
allows,  to  take  cuttings  from  one  description  of  soil  to  plant  on 
another,  so  as  to  afford  the  change  that  seems  so  necessary  to  the 
well-being  of  the  plants."  He  maintains  that  after  a  time  an 
exchange  of  this  nature  is  "  forced  on  the  grower,  whether  ho  bo 
"  prepared  for  it  or  not/'  Similar  remarks  have  been  made  by 
another  excellent  gardener,  I^Ir.  Fish,  namely,  that  cuttings  of  the 
same  variety  of  Calceolaria,  which  he  obtained  from  a  neighlwur, 
**  showed  much  greater  vigour  than  some  of  his  own  that  were 
"  treated  in  exactly  the  same  manner,"  and  he  attributed  this 
solely  to  his  own  plants  having  become  "  to  a  certain  extent  worn 
"  out  or  tii*ed  of  their  quartei*s."  Something  of  this  kind  appar- 
ently occurs  in  grafting  and  budding  fruit-trees ;  for,  according  to 
Mr.  Abl>ey,  grafts  or  buds  generally  take  with  greater  facility  on 
a  distinct  variety  or  even  species,  or  on  a  stock  previously  grafted, 
than  on  stocks  raised  from  seeds  of  the  variety  which  is  to  1)0 
graftcKl ;  and  he  l)clieves  this  cannot  l)C  altogether  explained  by 
the  stocks  in  question  Ixjing  l)ettor  adapted  to  the  soil  and  climate 
of  the  place.  It  should,  however,  l>e  added,  that  varieties  grafted 
or  budded  on  very  distinct  kinds,  though  they  may  take  morn 
readily  and  gi*ow  at  first  more  vigorously  than  when  grafted  on 
closely  allied  stocks,  afterwards  often  become  unhealthy. 

I  have  studied  ^I.  Tessier's  careful  and  elaborate  experiments,® 
made  to  disprove  the  common  l)elief  that  good  is  derived  from  a 
change  of  seed ;  and  he  certainly  shows  that  the  same  seed  may 
with  care  be  cultivated  on  the  same  farm  (it  is  not  stated  whether 
on  exactly  the  same  soil)  for  ten  consecutive  years  without  loss. 
Another  excellent  observer.  Colonel  Le  Couteur,^  has  come  to  the 
same  conclusion ;  but  then  he  expressly  adds,  if  the  same  seed  bo 
used,  "  that  which  is  grown  on  land  raaniired  from  the  mixen  one 
"  year  becomes  seed  for  land  prepared  with  lime,  and  that  again 
"  becomes  seed  for  land  dressed  with  ashes,  then  for  land  dressed 
"  with  mixed  manure,  and  so  on."  But  this  in  effect  is  a  systematic 
exchange  of  seed,  within  the  limits  of  the  same  farm. 

On  the  whole  the  belief,  which  lias  long  l)een  held  by  many 
cultivators,  that  good  follows  from  exchanging  seed,  tul)ers, 
(fee,  seems  to  be  fairly  well  foimded.  It  seems  hardly  credible 
that  tho  advantage  thus  derived  can  bo  duo  to  the  seeds, 
ewpccially  if  verj'  small  ones,  obtaining   in  one  soil  some 

•  *  Mem.  <le  I'AcaJ.  do*  Science*,*  '  *  On  the  Varietins  of  Wheat,'  p* 

1790,  i>.  1!0U.  52. 
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chemical  element  deficient  in  the  other  and  in  sufficient 
quantity  to  influence  the  whole  after-growth  of  the  plant. 
As  plants  after  once  germinating  are  fixed  to  the  same  spot, 
it  might  have  been  anticipated  that  they  would  show  the 
good  effects  of  a  change  more  plainly  than  do  animals  which 
continually  wander  about ;  and  this  apparently  is  the  case. 
Life  depending  on,  or  consisting  in,  an  incessant  play  of  the 
most  complex  forces,  it  would  appear  that  their  action  is 
in  some  way  stimulated  by  slight  changes  in  the  circum- 
stances to  which  each  organism  is  exposed.  All  forces  through- 
out nature,  as  Mr.  Herbert  Spencer  ^  remarks,  tend  towards 
an  equilibrium,  and  for  the  life  of  each  organism  it  is  neces- 
sary that  this  tendency  should  be  checked.  These  views  and 
the  foregoing  facts  probably  throw  light,  on  the  one  hand, 
on  the  good  effects  of  crossing  the  breed,  for  the  germ  will 
be  thus  slightly  modified  or  acted  on  by  new  forces  ;  and 
on  the  other  hand,  on  the  evil  effects  of  close  interbreeding 
prolonged  during  many  generations,  during  which  the  germ 
will  be  acted  on  by  a  male  having  almost  identically  the 
same  constitution. 

Sterility  from  Changed  Conditions  of  Life, 

I  will  now  attempt  to  show  that  animals  and  plants,  when 
removed  from  their  natural  conditions,  are  often  rendered  in 
some  degree  infertile  or  completely  barren ;  and  this  occurs 
even  when  the  conditions  have  not  been  greatly  changed. 
This  conclusion  is  not  necessarily  opposed  to  that  at  which 
we  have  just  aiTived,  namely,  that  lesser  changes  of  other 
kinds  are  advantageous  to  organic  beings.  Our  present 
subject  is  of  some  importance,  from  having  an  intimate  con- 
nection with  the  causes  of  variability.  Indirectly  it  perhaps 
bears  on  the  sterility  of  species  when  crossed  :  for  as,  on  the 
one  hand,  slight  changes  in  the  conditions  of  life  are  favour- 
able to  plants  and  animals,  and  the  crossing  of  varieties  adds 

•  Mr.  Spencer  has  fully  and  ably  from  cross-breeding,  and  of  the  evil 

discussed   this  whole   subject   in  his  effects  from  fijrent  changes  in  the  con- 

*  Principles  of  Biology,*  186+,  vol.  ii.  ditions  and  from  crossing  widely  dis- 
ch.   X.      In  the  first   edition  of  my  tinct  forms,  as  a  series  of  facts  **  con* 

*  Origin  of  Species,*  18.'>9,  p.  267,  I  nected  together  by  some  common  but 
Kpoke  of  the  good  effects  from  slight  unknown  bond,  which  is  essentially 
changes  in  the  conditions  of  life  and  rclatoi  to  the  principle  of  life. 
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to  the  size,  vigour,  and  fertility  of  their  offispring ;  so,  on  the 
other  hand,  certain  other  changes  in  the  conditions  of  life 
cause  sterility;  and  as  this  likewise  ensues  from  crossing 
much-modified  forms  or  species,  we  have  a  parallel  and  double 
series  of  facts,  which  apparently  stand  in  close  relation  to 
each  other. 

It  is  notorious  that  many  animals,  though  perfectly  tamed, 
refuse  to  breed  in  captivity.  Isidore  Geoffroy  St.-Hilaire* 
consequently  has  drawn  a  broad  distinction  between  tamed 
animals  which  will  not  breed  under  captivity,  and  truly 
domesticated  animals  which  breed  freely  —  generally  more 
freely,  as  shown  in  the  sixteenth  chapter,  than  in  a  state  of 
nature.  It  is  possible  and  generally  easy  to  tame  most 
animals ;  but  experience  has  shown  tliat  it  is  diflScult  to  get 
them  to  breed  regularly,  or  even  at  all.  I  shall  discuss  this 
subject  in  detail ;  but  will  give  only  those  cases  which  seem 
most  illustrative.  My  materials  are  derived  from  notices 
scattered  through  various  works,  and  especially  from  a  Keport, 
kindly  drawn  up  for  me  by  the  officers  of  the  Zoological 
Society  of  London,  which  has  especial  value,  as  it  records 
all  the  cases,  during  nine  years  from  1838-4G,  in  which  the 
animals  were  seen  to  couple  but  produced  no  offspring,  as  well 
as  the  cases  in  which  they  never,  as  far  as  known,  coupled. 
This  MS.  Report  I  have  corrected  by  the  annual  Reports 
subsequently  published  up  to  the  year  1865.***  Many  facts 
are  given  on  the  breeding  of  the  animals  in  that  magnificent 
work,  *  Gleanings  from  the  Menageries  of  Knowsley  llall,*  by 
Dr.  Gray..  I  made,  also,  particular  inquiries  from  the  expe- 
rienced keeper  of  the  birds  in  the  old  Surrey  Zoological 
Gardens.  I  should  premise  that  a  slight  change  in  the  treat- 
ment of  animals  sometimes  makes  a  great  diflference  in  their 
fertility ;    and  it  is  probable  that  the  results  observed   in 

*    *Essnis    dc    Zoologie   G^nvrale,'  kept,  and  of  these  1  species  in  1*0 

1841,  p.  2'>0.  have  bred  at  least   once  during  the 

••  Since  the  appearance  of  the  first  iiO  years;  of  28  Marsupiaiia,  1  in  2*5 

elition  of  this  work,  Mr.  Sclater  has  have  bred;  of  74  Carnivora,  1  in  3*0 

pul.li>hed  ('  Proc.  Zoolog.  Soc./  18G8,  have  bred;  of  52  Rodentia,  1  in  4-7 

p.  «>23)  a  list  of  the  species  of  mam-  have  bred;   and   of  Quadrumana  7b 

inals  which  have  bred  in  the  gardens  sjHJcies  have  been  kept,  and  1  in  6*2 

fn.m  1818  to  18»i7  inclusive.     Of  the  have  brei. 
Artiodactyla   85   species    hare    been 
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different  menageries  would  differ.  Indeed,  some  animals  in 
our  2k>ological  Gardens  have  become  more  productive  since 
the  year  1846.  It  is,  also,  manifest  from  F.  Cuvier's  account 
of  the  Jardin  des  Plantes,^^  that  the  animals  formerly  bred 
much  less  freely  there  than  with  us ;  for  instance,  in  the 
Duck  tribe,  which  is  highly  prolific,  only  one  species  had  at 
that  period  produced  young. 

The  most  remarkable  cases,  however,  are  afforded  by  animals 
kept  in  their  native  country,  which,  though  perfectly  tamed,  quite 
healthy,  and  allowed  some  freedom,  are  absolutely  incapable  of 
breeding.  Rengger,*''  who  in  Paraguay  particularly  attended  to 
this  subject,  specifies  six  quadrupeds  in  this  condition;  and  he 
mentions  two  or  three  others  which  most  rarely  breed.  Mr.  Bates, 
in  liis  admirable  work  on  the  Amazons,  strongly  insists  on  similar 
cases ;  *^  and  he  remarks,  that  the  fact  of  thoroughly  tamed  native 
mammals  and  birds  not  breeding  when  kept  by  the  Indians,  cannot 
Ix)  wholly  accounted  for  by  their  negligence  or  indifference,  for 
the  turkey  and  fowl  are  kept  and  bred  by  various  remote  tribes. 
In  almost  every  part  of  the  world — for  instance,  in  the  interior  of 
Africa,  and  in  several  of  the  Polynesian  islands — the  natives  are 
extremely  fond  of  taming  the  indigenoiis  quadrupeds  and  birds; 
but  they  rarely  or  never  succeed  in  getting  them  to  breed. 

The  most  notorioiis  case  of  an  animal  not  breeding  in  captivity 
is  that  of  the  elephant.  Elephanis  are  kept  in  largo  numbers  in 
their  native  Indian  home,  live  to  old  age,  and  are  vigorous  enough 
for  the  severest  la1)oiir ;  yet,  with  a  very  few  exceptions,  they  have 
never  been  known  even  to  couple,  though  both  males  and  females 
have  their  i)roper  periodical  seasons.  If,  however,  we  proceed  a 
little  eastward  to  Ava,  we  hear  from  Mr.  Crawfurd  *Mhat  their 
"  breeding  in  the  domestic  state,  or  at  least  in  the  half-domestic 
state  in  which  the  female  elephants  are  generally  kept,  is  of  every- 
day occurrence ;"  and  Mr.  Crawfurd  informs  me  that  he  believes 
that  the  difference  must  ba  attributed  solely  to  the  females  being 
allowed  to  roam  the  forest  with  some  degree  of  freedom.  The 
captive  rhinoceros,  on  the  other  hand,  seems  from  Bishop  Heber  s 
account  ^^  to  breed  in  India  far  more  readily  than  the  elephants 
Four  wild  species  of  the  horse  genus  have  bred  in  Europe,  though 
here  exposea  to  a  great  change  in  their  natural  habits  of  life ;  but 
the  species  have  generally  been  crossed  one  with  another.     Most  of 


"   Du  Rut,  *Aimales  Ju  Museum,'  1863,  vol.  i.  j.p.  Ul»,  193;  vol.  ii.  p. 

1807,  torn.  ix.  p.  IJO.  113. 

"    '  Siiugcthiere    von     Paraguav,*  •*  *  Embassy  to  the  Court  of  Av.i,* 

1830,  s.  49,  lOG,  118,  lit,  l>of,  2u8,  vol.  i.  ]k  534. 
249,  '205,  327,  '^  *  Journal,'  vol.  i.  p.  213. 

**  *  The  Katuraiist  on  the  Amazons,* 
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the  members  of  the  pig  family  breed  readily  in  our  menageries ; 
even  the  Red  River  hog  {Potamocha-rus  penicillatus),  from  the 
sweltering  plains  of  West  Africa,  has  bred  twice  in  the  Zoological 
Gardens.  Here  also  the  Peccary  (Dicotifles  torquatus)  has  bred 
several  times ;  but  another  species,  the  D,  lahiatus,  though  ren- 
dered so  tame  as  to  be  half-domesticated,  is  said  to  breed  so  rarely 
in  its  native  country  of  Paraguay,  that  according  to  Eengger''' 
the  fact  requires  confirmation.  Mr.  Bates  remarks  that  the  taj^ir, 
though  often  kept  tamo  in  Amazonia  by  the  Indians,  never 
breeds. 

Ruminants  generally  breed  quite  freely  in  England,  though 
brought  from  widely  different  climates,  as  may  bo  seen  in  the 
Annual  Reports  of  the  2kK)logical  Gardens,  and  in  the  Gleanings 
from  Lord  Derby's  menagerie. 

The  Camivora,  with  the  exception  of  the  Plantigrade  divi^^ion, 
breed  (though  with  capricious  exceptions)  aboiit  half  as  freely  as 
ruminants.  Many  species  of  Felidce  have  bred  in  various  mena- 
geries, although  imported  from  diverse  climates  and  closely  con- 
fined. Mr.  Bartlctt,  the  present  sui)erintendent  of  the  Zoological 
Gardens,"  remarks  that  the  lion  appears  to  breed  more  frequently 
and  to  bring  forth  more  young  at  a  birth  than  any  other  species  of 
the  family.  He  adds  that  the  tiger  has  rarely  bred ;  "  but  there 
are  several  well-authenticated  instances  of  the  female  tiger  breed- 
ing with  the  lion."  Strange  as  the  fact  may  appear,  many  animals 
under  confinement  unite  with  distinct  species  and  produce  hj  brids 
quite  as  freely  as,  or  even  more  freely  than,  with  tlieir  own  species. 
On  inquiring  from  Dr.  Falconer  and  others,  it  appears  that  the 
tiger  when  confined  in  India  does  not  breed,  though  it  has  been 
known  to  couple.  The  chetah  (Fdis  juhnid)  has  never  Ixien 
known  by  Mr.  Bartlett  to  breed  in  England,  but  it  has  bred  at 
Frankfort ;  nor  does  it  breed  in  India,  where  it  is  kept  in  large 
numbers  for  hunting ;  but  no  pains  would  be  taken  to  make  them 
breed,  as  only  those  animals  which  have  hunted  for  themselves  in 
a  state  of  nature  are  serviceable  and  worth  training."  According 
to  Renggcr,  two  species  of  wild  cats  in  Paraguay,  though  thoroughly 
tamed,  have  never  bred.  Although  so  many  of  the  Felida3  breed 
readily  in  the  Zoological  Gardens,  yet  conception  by  no  means 
always  follows  union  :  in  the  nine-year  Report,  various  species  are 
sixjciticd  which  were  observed  to  couple  seventy-three  times,  and 
no  doubt  this  must  have  passed  many  times  unnoticed ;  yet  from 
the  seventy-three  unions  only  fifteen  births  ensued.  The  Camivora 
in  the  Zoological  Gardens  were  formerly  less  freely  exposed  to  the 
air  and  cold  than  at  present,  and  this  change  of  treatment,  as  I  was 
assured  by  the  former  suporintondent,  Mr.  Miller,  greatly  increasad 
their  fertility.    Mr.  Bartlett,  and  there  cannot  bo  a  more  capable 


»•  '  Suugethiorc/  s.  327.  140. 

"  On   the  lireciling  of  the  Tjirger  "  Sleoman's    *Kainbles    in    In<li.a,' 

Feliila',  *  Troc.  Zoolog.  Soc.,*  18G1,  p.       vol.  ii.  p.  10. 
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judge,  sajF,  "  it  is  reraartable  that  lions  breoj  more   freeljr  1 
"  trarelliiit;  collections  than  in  the  Zoological  Oikrden« ;  proba^ 
"  the  constant  excitement  and  irritation  produced  by  mo'ong  frai 
"  place  to  place,  or  change  of  air,  nmy  have  oonaidpmblo  inflacd 
"  in  the  matter."  ^ 

Many  members  of  the  Bog  family  breed  reodilj  when  confined. 
The  Dhole  is  one  of  the  most  untamable  animals  in  India,  yot  a 
pair  kept  there  by  Dr.  Falconer  produced  young.  Foxes,  on  the 
other  hand,  rarely  breed,  and  I  have  nefer  heard  of  such  an  ocour- 
ronce  with  the  European  fox :  the  silver  foi  of  North  America 
(Canu  argmtatui),  however,  haa  bred  several  times  ia  the  Zoo- 
logical Gardens.  Even  the  otter  has  bred  there.  l^Tory  one 
knows  how  readily  the  semi-domosticated  ferret  breeds,  though 
shut  up  in  miserably  small  cages ;  bat  other  species  of  Viverra  and 
PorodoxaruB  abeolutely  refuse  to  breed  in  the  Zoological  Gardens. 
The  Gouetta  has  bred  both  here  and  in  the  Jardin  dca  Plants,  and 
prodnced  hybrids.  The  l/erpealo/iuicifilui  has  likewise  bred ;  bat  I 
was  formerly  assured  that  the  JI.  gritew,  though  many  were  kept 
in  the  Gardens,  never  bred. 

The  Plantigrade  Catnivora  breed  under  confinement  much  leas 
freely  than  other  Carnivora,  although  no  reason  e&ii  be  assigned 
for  this  fact.  In  the  nine-jear  Bcport  it  is  slated  that  the  beora 
had  been  seen  in  the  Zoological  Gardens  to  conple  freely,  but 
previoYialy  to  lSi48  had  most  rarely  conceived.    In  the  Beports 

E'tlished  since  this  date  three  species  have  produced  young 
brids  in  one  case),  and,  wonderful  to  relate,  the  white  Poloi' 
r  has  produced  yonng.  The  badger  (Mdes  liuut)  lias  bml 
sereral  times  in  the  Gardens ;  but  I  have  not  heard  of  tliis  occurring 
clsewboro  in  England,  and  ttio  event  muet  bo  very  rare,  for  au 
iiutlanco  in  Germany  has  been  thonght  worth  recording."  In 
Pamguny  the  native  Nasua,  thongh  kept  in  pairs  during  many 
yettrs  and  perfectly  tamed,  has  never  been  known,  according  to 
Itengger,  to  breed  or  show  any  sexual  passion ;  nor,  as  t  hear  fiata 
Hi.  Bates,  does  tliis  animal,  or  the  Cercoleptes,  breed  in  Amnnnua. 
Two  other  plantigrade  genera,  Procyon  and  Gnlo,  though  often 
kept  lame  in  Paraguay,  never  breed  there.  In  the  Zoalo^etH  .•m 
Gardens  specica  of  Nasna  and  Frocyon  have  been  seen  to  ooap(~  ' 
but  they  did  not  produce  yonng. 

As  domesticated  rabbits,  guinen-pigH,  and  white   : 

80  abundantly  when  closely  confined  under  various  cltmalea,  tt  .1 
might  have  been  thought  that  most  other  members  of  the  Rodent 
order  would  have  bc^  iu  captivity,  but  this  is  not  the  cosu. 
It  deserves  notice,  as  showing  how  the  capacity  to  breed  somoLiines 
goes  by  affinity,  that  the  one  native  nxlent  of  Paraguay,  wbiob 
there  breeds /rec/y  and  has  yielded  Bncceesive  generations,  is  IT"  ' 
Cavia  apfTta;  and  this  animal  is  so  closely  allied  to  the  gninc 
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that  it  has  been  erroneously  thought  to  be  the  parent  form.**  In 
the  Zoological  Gardens,  some  rodents  have  coupled,  but  have  never 
produced  young ;  some  have  neither  coupled  nor  bred ;  but  a  few 
nave  bred,  as  the  porcupine  more  than  once,  the  Barbary  mouse, 
lemming,  chinchilla,  and  agouti  (Dasyprocta  aguti)  several  times. 
This  latter  animal  has  also  produced  young  in  Paraguay,  though 
they  were  born  dead  and  ill-foi-med ;  but  in  Amazonia,  according 
to  Mr.  Bates,  it  never  breeds,  though  often  kept  tame  about  the 
houses.  Nor  does  the  paca  (Ccelogenys  paca)  breed  there.  The 
common  hare  when  confined  has,  I  believe,  never  bred  in  Europe ; 
though,  according  to  a  recent  statement,  it  has  crossed  with  the 
rabbit."  I  have  never  heard  of  the  dormouse  breeding  in  confine- 
ment. But  squirrels  offer  a  more  curious  case :  with  one  exception, 
no  species  has  bred  in  the  Zoological  Gardens,  yet  as  many  as 
fourteen  individuals  of  S.  palmarum  were  kept  together  during 
several  years.  The  8,  ct'nera  has  been  seen  to  couple,  but  it  dia 
not  produce  young ;  nor  has  this  species,  when  rendered  extremely 
tame  in  its  native  country,  North  America,  been  ever  known  to 
breed.**  At  Lord  Derby's  menagerie  squirrels  of  many  kinds  were 
kept  in  numbers,  but  Mr.  Thompson,  tlio  superintendent,  told  mo 
that  none  had  ever  bred  there,  or  elsewhere  as  far  as  he  knew. 
I  have  never  heard  of  the  English  squirrel  breeding  in  confinement. 
But  the  species  which  has  bred  more  than  once  in  the  Zoological 
Gardens  is  the  one  which  perhaps  might  have  been  least  expected, 
namely,  the  flying  squirrel  (Sciuropterus  volucelld):  it  has,  also, 
bred  several  tunes  near  Birmingham ;  but  the  ftJmale  never  pro- 
duced more  than  two  young  at  a  birth,  whereas  in  its  native 
American  home  she  bears  from  three  to  six  young.** 

Monkeys,  in  the  nine-year  Report  from  the  Zoological  Gardens, 
are  stated  to  unite  most  freely,  but  during  this  period,  though 
many  individuals  were  kept,  there  were  only  seven  births.  I  have 
heara  of  only  one  American  monkey,  the  Ouistiti,  breeding  in 
Europe.^    A  Macacus,  according  to  Flourens,  bred  in  Paris ;  and 


*•  Reof^ger,  *  Saugcthiere/  &c.,  s. 
276.  On  the  parentage  of  the  guinea- 
pig,  $ce  also  Isid.  Geotfroy  St.-Hilaire, 
'  Hist.  Nat.  Gt5n.'  I  sent  to  Mr.  H. 
Denny  of  Leeds  the  lice  which  I  col- 
lected from  the  wild  aperea  in  La 
Plata,  and  he  informs  nie  that  they 
belong  to  a  genus  distinct  from  those 
found  on  the  guinea-pig.  This  is 
important  evidence  that  the  aperea  is 
not  the  parent  of  the  guinea-pig  ;  and 
is  worth  giving,  as  some  authors  erro- 
neously suppose  that  the  guinea-pig 
since  being  domesticated  has  become 
sterile  when  crossed  with  the  aperea. 

*^  Although  the  existence  of  the 


LcporideSy  as  described  by  Dr.  Broca 
(*  Journal  de  Phys.,*  torn.  ii.  p.  370), 
has  been  positively  denied,  yet  Dr.  Pi» 
geaux  ('  Annals  and  Mag.  of  Nat. 
Hist.'  vol.  XX.,  1867,  p.  75)  affirms  that 
the  hare  and  rabbit  have  produced 
hybrids. 

"  *  Quadrupeds  of  North  America, 
by  Audubon  and  Bachman,  1846,  p. 
268. 

"  Tendon's  *  Mag.  of  Nat.  Hist.,' 
vol.  ix.,  1836,  p.  .')71  ;  Audubon  and 
Bachman's  *  Quadrupeds  of  North 
America,'  p.  221. 

"  Flourens,  «D«  Tlnstmct,'  &o., 
1845,  p.  88. 
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more  than  one  species  of  this  genus  has  produced  young  in  London, 
especially  the  Macacus  rhesus,  which  everywhere  shows  a  special 
capacity  to  breed  under  confinement.  Hybrids  have  been  proauced 
both  in  Paris  and  London  from  this  same  genus.  The  Arabian 
baboon,  or  Cynocephalus  hamadryas^  and  a  Cereopithecus  have 
bred  in  the  2iOological  Gardens,  and  the  latter  species  at  the  Duke 
of  Northumberland's.  Several  members  of  the  family  of  Lemurs 
have  produced  hybrids  in  the  Zoological  Gardens.  It  is  much 
more  remarkable  that  monkeys  very  rarely  breed  when  confined 
in  their  native  country ;  thus  the  Cay  {Cthus  azar€h)i&  frequently 
and  completely  tamed  in  Paraguay,  but  Rengger  ^  says  that  it  breeds 
so  rarely,  that  he  never  saw  more  than  two  females  which  had 
produced  young.  A  similar  observation  has  been  made  with  respect 
to  the  monkeys  which  are  frequently  tamed  by  the  aborigines  in 
Brazil.^  In  Amazonia,  these  animals  arc  so  often  kept  in  a  tame 
state,  that  Mr.  Bates  in  walking  through  the  streets  of  Parii  counted 
thirteen  species ;  but,  as  he  asserts,  they  have  never  been  known  to 
breed  in  captivity.^ 

Birds, 

Birds  offer  in  some  respects  better  evidence  than  quadrupeds, 
from  their  breeding  more  rapidly  and  being  kept  in  greater 
numbers.^  We  have  seen  that  carnivorous  animals  are  more 
fertile  under  confinement  than  most  other  mammals.  The  reverse 
holds  good  with  carnivorous  birds.  It  is  said^  that  as  many 
OS  eighteen  species  have  been  used  in  Europe  for  hawking,  ana 
several  others  in  Persia  and  India ;  '*  they  have  lxx;n  kept  in  their 
native  country  in  the  finest  condition,  and  have  been  flown  during 
six,  eight,  or  nine  years ;  ^  yet  there  is  no  record  of  their  having 
ever  produced  young.  As  these  birds  were  formerly  caiight  whilst 
young,  at  great  expense,  being  imported  from  Iceland,  Norway, 


"  Sec  *  Annual  Reports  Zoolog. 
Soc.'  1855, 1858, 1863, 1864;  'Times' 
newspaper,  Aug.  10th,  1847  ;  Flou- 
rens,  *  De  Tlnstinct,*  p.  85. 

**  *  Saugethiere,'  &c.,  s.  34,  49. 

*'  Art.  Brazil,  *  Penny  Cyclop.,*  p. 
363. 

*•  *  The  Naturalist  on  the  .\mazons,' 
vol.  i.  p.  99. 

*•  A  list  of  the  species  of  birds 
which  have  bred  in  the  Zoological 
Gr.rdens  from  1848  to  18^7  inclusive 
has  been  published  by  Mr.  Sclater 
in  *Proc.  Zoolog.  .Soc.,'  1869,  p.  626, 
kicce  the  first  edition  of  this  work 
appeared.  Of  Colurabje  51  species 
have  been  kept,  and  of  Anseres  80 
•pecies,  and  in  both  these  families,  1 


species  in  2*6  have  bred  at  least  once 
in  the  20  years.  Of  Gal  Una?,  83 
species  have  been  kept,  and  1  in  2*7 
have  bred ;  of  57  Grallo^,  1  in  9  have 
bre<l;  of  110  Prehensores,  1  in  22 
have  bred ;  of  178  Passercs,  1  in 
25*4  have  bred;  q{  94  Accipitres, 
1  in  47  have  bred  ;  of  25  Picaria^  and 
of  35  Herod iones,  not  one  species  in 
cither  group  has  brctl. 

*®  *  tncyclop.  of  Rural  Sports/  p. 
691. 

^*  According  to  Sir  A.  Burpee 
('Cabool,'  &c.,  p.  51),  eight  species 
are  used  for  hawking  in  Sinde. 

"  Loudon's  » Mag.  of  Nat.  HisL,' 
vol.  vi.,  1833,  p.  110. 
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and  Sweden,  there  can  be  little  doubt  that,  if  possible,  they  would 
have  been  pi*opagat«d.  In  the  Jardin  des  Plantes,  no  bird  of  prey 
has  been  known  to  couple.**  No  hawk,  vulture,  or  owl  has  ever 
produced  fertile  eggs  in  the  Zoological  Gardens,  or  in  the  old  SuiTey 
Gardens,  witli  the  exception,  in  the  former  place  on  one  occasion, 
of  a  condor  and  a  kite  {AJilvus  uiyer).  Yet  several  species,  namely, 
the  AquUa  /lisca,  HaliaUtis  leu^ocephalus,  Falco  tinnuncuUis^  F.  sub- 
buleoy  and  liuteo  vulgaris,  have  been  seen  to  couple  in  the  Zoological 
Gardens.  Mr.  Morris  '*  mentions  as  a  unique  fact  that  a  kestrel 
{Fcdco  tinnunculus)  bred  in  an  aviary.  The  one  kind  of  owl  which 
has  been  known  to  couple  in  the  Zoological  Gardens  was  the  Eagle 
Owl  (Bubo  maximtLs) ;  and  this  species  shows  a  special  inclination 
to  breed  in  captivity;  for  a  pair  at  Arundel  Castle,  kept  more 
nearly  in  a  state  of  nature  "  than  ever  fell  to  the  lot  of  an  animfd 
deprived  of  its  liberty,"  ^  actually  reared  their  yoimg.  Mr.  Gumey 
has  given  another  instance  of  this  same  owl  breeding  in  coi^nement ; 
and  he  records  the  case  of  a  second  species  of  owl,  the  Strix  passer ina, 
breeding  in  captivity.*' 

Of  the  smaller  graminivorous  birds,  many  kinds  have  been  kept 
tame  in  their  native  countries,  and  have  lived  long ;  yet,  as  the 
highest  authority  on  cage-birds^  remarks,  their  propagation  is 
"  uncommonly  difficult"  The  canary-bird  shows  that  there  is  no 
inherent  difficulty  in  these  birds  breeding  freely  in  confinement ; 
and  Audubon  says**  that  the  FringUla  {Spizd)  ciris  of  North 
America  breeds  as  perfectly  as  the  canary.  The  difficulty  with 
the  many  finches  which  have  been  kept  in  confinement  is  all  the 
more  remarkable  as  more  than  a  dozen  species  could  be  named 
which  have  yielded  hybrids  with  the  canary;  but  hardly  any 
of  these,  with  the  exception  of  the  siskin  {Fringilla  «pt«ti«),  have 
reproduced  their  own  kind.  Even  the  bullfinch  (Loxia  pyrrhula) 
has  bred  as  frequently  with  the  canary,  though  belonging  to 
a  distinct  genus,  as  with  its  own  species.^  With  respect  to  the 
skylark  {Alauda  arvensis),  I  have  heard  of  birds  living  for  seven 
years  in  an  aviary,  which  never  produced  young;  and  a  great 
London  bird-fanci^  assured  me  that  he  had  never  known  an 
instance  of  their  breeding ;  nevertheless  one  case  has  been  recorded.**^ 
In  the  nine-year  Report  from  the  Zoological  Society,  twenty-four 


"  F.  CuviiT,  *  Annal.  du  Museum,* 
torn.  ix.  p.  128. 

**  *  The  Z?ologist,*  vol.  vii.-viii., 
1840..^S  p.  2048. 

■*  Knox,  •  Ornithclogicul  RAmhles 
in  SuHM'X,'  p.  91. 

••  *The  Zoologist,'  vol.  vii.-viii., 
1849-50,  p.  2560  ;  vol.  ix.-x.,  1851-2, 
p.  3207. 

*'  Bechstein,  *  Xaturgesch.  der  Stu- 
UnvOgel,'  1840,  •.  20. 


*•  *  Oi'nithological  Biogmphy/  vol. 
V.  p.  517. 

'•  A  case  is  rocordetl  in  *  The  Zoo- 
logist,' vol.  i.-ii.,  1843-45,  p.  45:J.  For 
the  sislcin  brce<Iing,  vol.  iii.-iv.,  1845* 
40,  p.  1075.  Bechstcin,  '  Stuben- 
vogel,*  8.  139,  speaks  of  bullBnchM 
making  nests,  but  mrely  producing 
younu. 

*•  Ynrreir*  *  HUt.  British  Bifdi/ 
1839,  ToL  i.  p.  418. 


138 


STERILITY  FROM 


Cbu-.  XVIII 


inscssorjal  epecies  are  ennmerated  which  had  not  bred, 
these  only  four  were  kuown  to  have  coupled. 

Parrots  arc  singularly  long-lived  birds ;  and  Humboldt  tntntioiui 
the  curious  fact  of  a  parrot  in  South  America,  which  spoke  the 
IftQguago  of  an  extinct  Indiaji  tribe,  so  that  this  bird  preserved 
the  sole  relic  of  a  lost  language.  Even  in  this  country  there  is 
reason  to  believe"  that  parrots  have  lived  to  the  age  of  nearly 
one  hundred  years ;  yot  they  breed  so  rarely,  though  many  have  been 
kept  in  Europe,  that  the  event  has  been  thought  worth  recording 
in  the  graveat  publications.**  NeTertheless,  when  Mr.  Buxton 
turned  out  a  large  number  of  parrots  in  Norfolk,  three  pairs  bred 
and  retired  ten  young  birds  in  the  course  of  two  seasons ;  and  this 
auocess  may  be  attributed  to  their  free  life."  According  loBechslein  " 
the  African  Paillacus  erithacut  breeds  oftener  than  any  other  species 
in  Germany :  the  P.  mocoa  occasionally  lays  fertile  eggs,  but  rarely 
succeeds  in  hatching  them;  this  bird,  however,  has  the  instinct 
of  iacnbation  sometimes  so  strongly  developed,  that  it  will  hatch 
the  epigs  of  fowls  or  pigeons.  In  the  Zoological  Gardens  and  in 
the  old  Snrrey  Gardens  some  few  species  have  coupled,  but.  with 
the  exception  of  three  species  of  parrakeets,  none  have  hrod.  It 
is  a  much  more  remarkable  fiict  that  in  Guiana  parrots  of  two 
kiods,  as  I  am  informed  by  Sir  R.  Scliombnrgk,  are  often  taken 
from  the  nests  by  the  Indians  and  reared  in  large  numbers ;  tliey 
are  bo  lame  that  they  fly  freely  about  the  houses,  and  come  whoi 
called  to  be  fed,  like  pigeons ;  yet  he  has  never  heard  of  a  single 
instance  of  their  breeding.*'  In  Jamaica,  a  resident  naturalist, 
Ur.  B.  Hill,"  says,  "no  birds  more  readily  submit  to  human 
"dependence  than  the  parrot-tribe,  but  no  instance  of  a  parrot 
"  breeding  in  this  tame  life  has  been  known  yot."  Mr.  Eili  specifies 
a  number  of  other  native  birds  kept  tame  in  the  West  Indies,  which 
never  breed  in  this  state. 

The  great  pigeon  fiimily  offers  a  striking  contrast  with  the  parrots : 
in  the  nine-year  Report  thirteen  species  are  recorded  as  liaving 
bred,  and,  what  is  more  noticeable,  only  two  were  seen  to  couple 
without  any  result.  Since  the  above  date  every  annual  Boport 
gives  many  eases  of  various  pigeons  breeding.  The  two  mBgnificent 
crowned  pigeons  (Qoiira  toronata  and  vMorioi)  produced  hybrids; 


"  Loudon'.  ■  Mag.  of  Xnt.  Hi.tory.' 
vol.  lii.,  183B.  p.  3*7. 

**  '  Hiininrti  du  Uiw^um  d'Biet. 
NsL,'  lam.  I.  p.  31i:  fiv«  cnH>  of 
pineti  breeding  In  Frann  an  h«rc 
rtcorded.  Sn  slao  •  Report  Brit, 
Amoc.  Zoolag.,'  18i». 

"  'Anwl.  Mid  Mug.  ofSil.  nut..' 
Sov.  1868,  p.  ail. 

"  ■  Slubenrtgel.'  •.  105,  83. 

«•  Dr.  Hucock  itaii\i  (■  Charlej. 


wr^rth'i  Msg.  [>f  NnL  H»t.'  voL 
ii.,  1838,  p.  492),  "tt  it  •iafnlsr 
Itiat,  aniapgit  the  uumtroui  lueftil 
biriti  tbnt  are  indigenoiu  to  Cuius, 
Done  sre  fauod  lo  prgpsgaU  mdm( 
the  iDdlini;  yet  the  c«mmoa  (' 
rcareJ  id  alinniliiDce  throughoot  4 

"  -A  Week  at  Port  Koy»l,'l 
p.T. 
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nevertheless,  of  the  former  species  more  than  a  dozen  birds  were 
kept,  as  I  am  informed  by  Mr.  Crawfurd,  in  a  park  at  Penang, 
under  a  perfectly  well-adapted  climate,  but  never  once  bred.  The 
Ccluwha  migratoria  in  its  native  country.  North  America,  invariably 
lays  two  eggs,  but  in  Lord  Derby's  menagerie  never  more  than 
one.    The  same  fact  has  been  observed  with  the  C.  leucoct^hala*^ 

Gallinaceous  birds  of  many  genera  likewise  show  an  eminent 
capacity  for  breeding  under  captivity.  This  is  particularly  the  case 
with  pheasants,  yet  our  English  species  seldom  lays  more  than  ten 
eggs  in  confinement ;  whilst  from  eighteen  to  twenty  is  the  usual 
number  in  the  wild  state.^*  With  the  Gallinacea),  as  with  all  other 
orders,  there  are  marked  and  inexplicable  exceptions  in  regard  to 
the  fertility  of  certain  species  and  genera  under  confinement. 
Although  many  trials  have  been  made  with  the  common  partridge, 
it  has  rarely  bred,  even  when  reared  in  large  aviaries ;  and  the  hen 
will  never  hatch  her  own  eggs.^^  The  Americtm  tribe  of  Guans 
or  CracidaB  are  tamed  with  remarkable  ease,  but  are  very  shy 
breeders  in  this  country;***  but  with  care  various  species  were 
formerly  made  to  breed  rather  freely  in  Holland.**  Birds  of  this 
tribe  are  often  kept  in  a  perfectly  tamed  condition  in  their  native 
country  by  the  Inaians,  but  they  never  breed."  It  might  have  been 
expected  that  grouse  from  their  habits  of  life  would  not  have  bred  in 
captivity,  more  especially  as  they  are  said  soon  to  languish  and 
die.**  But  many  cases  are  recorded  of  their  breeding :  the  caper- 
cailzie {Tetrao  urogaUus)  has  bred  in  the  Zoological  Gardens;  it 
breeds  without  much  difficulty  when  confined  in  Norway,  and  in 
Bussia  five  successive  generations  have  been  reared  :  Tttr<io  tetrix 
has  likewise  bred  in  Norway ;  T,  scoticua  in  Ireland ;  T,  umheUus  at 
Lord  Derby's ;  and  T.  cupido  in  North  America. 

It  is  scarcely  possible  to  imagine  a  greater  change  in  habits  than 
that  which  the  members  of  the  ostrich  family  must  suffer,  when 
cooped  up  in  small  enclosures  under  a  temperate  climate,  after 
freely  roaming  over  desert  and  tropical  plains  or  entangled  forests : 


^'  Audubon,  *  American  Ornith- 
ology,* vol.  V.  pp.  552,  557. 

*•  Moubray  on  Poultry,  7th  edit., 
p.  133. 

*•  Temminck,  *  Hist.  Nat.  G^n.  des 
Pigeon*,*  Ac,  1813,  torn.  iii.  pp.  288, 
382 ;  *  AnnaU  and  Mag.  of  Nat.  Hist.,' 
vol  xii.,  1843,  p.  453.  Other  speciea 
of  partridge  have  occasionally  bred ; 
as  the  red-legged  (/^  ruhra\  when 
kepi  in  a  large  court  in  France  {see 
'Journal  de  Physique,*  torn.  xxv.  p. 
294),  and  in  the  2^1ogical  Gardens 
in  1856. 

»•  Rev.  E.  S.  Dixon,  *The  Dovc- 
cott/  1851,  pp.  243-252. 


^*  Temminck,  '  Hist.  Nat.  Gen.  des 
Pigeons,*  &c.,  torn.  ii.  pp.  456,  458 ; 
torn.  iii.  pp.  2,  13,  47. 

"  Bates,  ^ITie  Naturalist  on  the 
Amazons,'  vol.  i.  p.  193 ;  vol.  ii.  p. 
112. 

*'  Temminck,  *  Hist.  Nat.  Gen.,*  &c., 
tom.  ii.  p.  125.  For  Tetrao  urogallust 
see  L.  Lloyd,  *  Field  Sports  of  North 
of  Europe,*  vol.  i.  pp.  287,  314  ;  and 
*  Bull,  de  la  Soc.  d'Acclimat.,*  tom. 
vii.,  1860,  p.  600.  For  7'.  sd'tkus, 
Thompson,  *Nat.  Hist,  of  Ireland,' 
vol.  ii.  1850,  p.  49.  For  T.  cupido* 
'  Boston  Journal  of  Nat.  Hist.,'  vol. 
iii.  p.  199. 
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f€/t  almost  all  the  kinds  fasTe  frequently  prodnood  young  in  the 
Ymrioos  European  menageries,  eren  the  moomk  (CasuariuM  bemmeM), 
{rom  New  Ireland.  The  African  ostrich,  thoogh  perfectly  healthy 
and  IJTing  long  in  the  South  of  France,  never  lays  more  than  from 
twelve  to  fifteen  eggs,  though  in  its  native  country  it  lays  from 
twenty-five  to  thirty.**  Here  we  have  another  instance  of  fertility 
impaired,  but  not  lost,  under  confinement,  as  with  the  flying 
aquirrel,  the  hen-pheasant,  and  two  species  of  American  pigeons. 

Most  Waders  can  be  tamed,  as  the  Bev.  £.  S.  Dixon  infonns  me, 
with  remarkable  facility ;  but  several  of  them  are  short-lived  under 
oof^Qnement*  so  that  their  sterility  in  this  state  is  not  surprising. 
The  cranes  breed  more  readily  thaii  other  genera :  Grvs  montigrmui 
has  Ured  several  times  in  Paris  and  in  the  Zoological  Gardens,  as 
has  O.  citurea  at  the  latter  place,  and  G.  antigone  at  Calcutta.  Of 
other  members  of  this  great  order,  Tttraj^teryx  parddisca  has  bred 
at  Koowsley,  a  Pv^rphyrio  in  Sicily,  and  the  QaUinuloL  chioroptu  in 
the  Zool'^gi^ral  Gardens.  On  the  other  hand,  several  birds  belonging 
t(>  this  order  will  not  breed  in  their  native  country,  Jamaica ;  wd 
the  Psophia,  though  often  kept  by  the  Indians  of  Guiana  about 
thfeir  houses,  "  is  seldom  or  never  known  to  breed."  " 

The  meuitx:rs  of  the  great  Duck  family  breed  as  readily  in 
eoufiuemeut  as  do  the  Oolumlje  and  Gallinsd ;  and  this,  considering 
ihtiir  a/juatic  and  wandering  habits,  and  the  nature  of  their  food, 
could  not  liave  been  auticii>ated.  Even  some  time  ago  above  two 
do;s<^u  i^iitsatUm  liad  bred  in  the  Zoological  Gardens ;  and  M.  Selys- 
Iy>tjgchamijs  has  rec<jnled  the  ))roduction  of  hybrids  from  forty-four 
diflerent  meiiiU'rs  of  the  family;  and  to  these  Professor  Newton  has 
ad/h^l  a  few  more  cases.**  "  There  is  not,"  says  Mr.  Dixon,*!  "  in 
tlie  wide  world,  a  grx>Ke  which  is  not  in  the  strict  sense  of  the  word 
d</rm;bticabl<' ;"  tliat  in,  capable  of  breeding  under  confinement; 
but  this  htat<'rn«'!it  is  probably  too  bold.  The  capacity  to'  breed 
soiiietinics  varies  in  individuals  of  the  same  species;  thus  Audubon^ 
kept  for  more  than  eight  years  some  wild  geese  {Anser  canademia)^ 
but  tliey  would  not  mate ;  whilst  other  individuals  of  the  same 
h\n-A'A(iH  produced  young  during  the  second  year.  I  know  of  but  one 
inbtan<:e  in  the  whole  family  of  a  species  which  absolutely  refuses 
to  hrftt-A  in  captivity,  namely,  the  Deudrocyfjua  viduata,  although, 
aayjrding  to  »Sir  II.  Schoniburgk,^  it  is  easily  tamed,  and  is 
fre^iuently  kcj»t  by  the  Indians  of  Guiana.     Lastly,  with  respect 

•*  Marcel  de  Scrres,  *Aiinales  tics  'Report  Asiatic  See.  of  Bengal,*  May 

fki.   Nat.,'  2n«i  heri<»s,  Zfx>log.,   torn.  1855. 
xiii.  p.  175.  *•  Prof.  Newton,  in  *  Proc.  Zoolog. 

»*  Dr.  Hancock,  in  'Charleswortli's  Soc.,'  18G0,  p.  33G. 
Mug.  of  Nat.  Hist.,*  vol.  ii.,  1838,  p.  **  *The  Dovecote  and  Aviarv,'  p. 

4'Jl  ;  K.  Hill,  '  A  \NVek  at  Port  Koyal,'  4'J8. 

II.  H ;  ♦Ouid'-  to  the  Zoological  Gardens,'  "  *  Ornithological  Biography,*  voL 

l>v   P.    I.   S<lat'rr,   1850,  pp.  11,12;  iii.  p.  0. 

•  I'Ut'    Knowitli'y   Menagerie,'  by    Dr.  **  'Geograph.  Journal,*  rol.   xiiL| 

Om/,     \HVif    pi.     xiv.;     E.    Blyth,  1844,  p.  32. 
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to  Gulls,  though  mauy  have  been  kept  in  the  Zoological  Gardens 
and  in  the  old  Surrey  Gardens,  no  instance  was  known  before  the 
year  1848  of  their  coupling  or  breeding ;  but  since  that  period  the 
herring  gull  (Lams  argentatus)  has  bred  many  times  in  4he 
Zoological  Garaens  and  at  Knowsley. 

There  is  reason  to  believe  that  insects  are  affected  by  confinement 
like  the  higher  animals.  It  is  well  known  that  the  Sphingidie 
rarely  breed  when  thus  treated.  An  entomologist**  in  Paris  kept 
twenty-five  specimens  of  Saturnia  pyri^  but  *did  not  succeed  in 
getting  a  single  fertile  egg.  A  number  of  female^  of  Orthosia  munda 
and  of  Mamestra  suasa  reared  in  confinement  were  unattractive  to 
the  males."  Mr.  Newpoi*t  kept  nearly  a  hundred  individuals  of 
two  species  of  Vanessa,  but  not  one  paired ;  this,  however,  might 
have  been  due  to  their  habit  of  coupling  on  the  wing."  Mr. 
Atkinson  could  never  succeed  in  India  in  making  the  Tarroo  silk- 
moth  breed  in  confinement.*'  It  appears  that  a  numl)er  of  moths, 
especially  the  Sphingidae,  when  hatched  in  the  autumn  out  of  their 
proper  season,  are  completely  barren ;  but  this  latter  case  is  still 
involved  in  some  obscurity." 

Independently  of  the  fact  of  many  animals  under  confine- 
ment not  coupling,  or,  if  they  couple,  not  producing  young, 
there  is  evidence  of  another  kind  that  their  sexual  functions 
are  disturbed.  For  many  cases  have  been  recorded  of  the 
loss  by  male  birds  when  confined  of  their  characteristic  plu- 
mage. Thus  the  common  linnet  (Linota  cantuibina)  when 
caged  does  not  acquire  the  fine  crimson  colour  on  its  breast, 
and  one  of  the  buntings  {Emberiza  passerine)  loses  the  black 
on  its  head.  A  Pyrrhiila  and  aij  Oriolus  have  been  observed 
to  assume  the  quiet  plumage  of  the  hen-bird  ;  and  the  FaJco 
aUndus  returned  to  the  dress  of  an  earlier  age.®^  Mr.  Thomp- 
son, the  superintendent  of  the  Knowsley  menagerie,  informed 
me  that  he  had  often  observed  analogous  facts.  The  horns 
of  a  male  deer  (Ceruus  caimdensis)  during  the  voyage  from 
America  were  badly  developed ;  but  subsequently  in  Paris 
perfect  horns  were  produced. 

••  Loudon's   *  Mag.   of  Nat.  Hust.,'  r)764 ;    and    Dr.    Wallace,  in  *Proc. 

vol.  v.,  1832,  J).  1515.  Kutoniolog.  Soc.,*  June  4th,  1860,  p. 

•»  '  Zoologist,'  vols.  v.-\  i.,  1847-48,  1 19. 

p.  IGCO.  •*  Yarrell's  *  British  Birds,'  vol.  K 

•*  •Transact.  Eutoinolog.  Soc.,' vol.  ]>.   50(5;  Ikchstein,  *  StubenvOgel,*  «. 

ir.,  184.'),  p.  GO.  185  ;  *  Philosoph.  Transact./  1772,  p. 

•'  'Transact.  Linn.  Soc.,'  voL  vii.  271.     Bronn  ('Geschichte  der  Natur,* 

p.  40.  Band  it.  s.  96)  Has  collected  ft  number 

•*  See  an  interesting  paper  by  Mr.  of  cases.     For  the  case  of  the  deer,  see 

Newman,  in  the  *  Zoologist/  1857,  p.  '  Penny  C}clop./  toL  viii.  p.  350. 
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When  conception  takes  place  nnder  confinement,  the  young 
are  often  bom  dead,  or  die  soon,  or  are  ill-formed.  This 
frequently  occurs  in  the  Zoological  Gardens,  and,  according  to 
Eengger,  with  native  animals  confined  in  Paraguay.  The 
mother  s  milk  often  fails.  We  may  also  attribute  to  the  dis- 
turbance of  the  sexual  functions  the  frequent  occurrence  of 
that  monstrous  instinct  which  leads  the  mother  to  devour  her 
own  offspring,— a  mysterious  case  of  perversion,  as  it  at  first 
appears. 

Sufficient  evidence  has  now  been  advanced  to  prove  that 
animals  when  first  confined  are  eminently  liable  to  suffer  in 
their  reproductive  systems.  We  feel  at  first  naturally  inclined 
to  attribute  the  result  to  loss  of  health,  or  at  least  to  loss  of 
vigour ;  but  this  view  can  hardly  bo  admitted  when  we 
reflect  how  healthy,  long-lived,  and  vigorous  many  animals 
are  under  captivity,  such  as  parrots,  and  hawks  when  used  for 
hawking,  chetahs  when  used  for  hunting,  and  elephants.  The 
reproductive  organs  themselves  are  not  diseased ;  and  the 
diseases,  from  which  animals  in  menageries  usually  perish, 
are  not  those  which  in  any  way  affect  their  fertility.  No 
domestic  animal  is  more  subject  to  disease  than  the  sheep,  yet 
it  is  remarkably  prolific.  The  failure  of  animals  to  breed 
under  confinement  has  been  sometimes  attributed  exclusively 
to  a  failure  in  their  sexual  instincts :  this  may  occasionally 
come  into  play,  but  there  is  no  obvious  reason  why  this 
instinct  should  be  especially  liable  to  be  affected  with  per- 
fectly tamed  animals,  except,  indeed,  indirectly  through  the 
reproductive  system  itself  being  disturbed.  Moreover, 
numerous  cases  have  been  given  of  various  animals  which 
couple  freely  under  confinement,  but  never  conceive;  or,  if 
they  conceive  and  produce  young,  these  arc  fewer  in  number 
th^n  is  natural  to  the  species.  In  the  vegetable  kingdom 
instinct  of  course  can  play  no  part ;  and  we  shall  presently  see 
that  plants  ^yhen  removed  from  their  natiiral  conditions  are 
afi'ected  in  nearly  the  same  manner  as  animals.  Change  of 
climate  cannot  be  the  cause  of  the  loss  of  fertility,  for,  whilst 
many  animals  imported  into  Europe  from  extremely  different 
climates  breed  freely,  many  others  when  confined  in  their 
native  land  are  completely  sterile.     Change  of  food  cannot  be 
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tlie  chief  cause ;  for  ostriches,  ducks,  and  many  other  animals, 
which  must  have  undergone  a  great  change  in  this  respect, 
breed  freely.  Carnivorous  birds  when  confined  are  extremely 
sterile,  whilst  most  carnivorous  mammals,  except  plantigrades, 
are  moderately  fertile.  Nor  can  the  amount  of  food  be  the 
cause ;  for  a  sufficient  supply  will  certainly  be  given  to  valuable 
animals ;  and  there  is  no  reason  to  suppose  that  much  more 
food  would  be  given  to  them  than  to  our  choice  domestic 
productions  which  retain  their  full  fertility.  Lastly,  we  may 
infer  from  the  case  of  the  elephant,  chetah,  various  hawks,  and 
of  many  animals  which  are  allowed  to  lead  an  almost  free  life 
in  their  native  land,  that  want  of  exercise  is  not  the  sole  cause. 
It  would  appear  that  any  change  in  the  habits  of  life,  what- 
ever these  habits  may  be,  if  great  enough,  tends  to  aflfect  in 
an  inexplicable  manner  the  powers  of  reproduction.  The 
result  depends  more  on  the  constitution  of  the  species  than  on 
the  natiu'c  of  the  change ;  for  certain  whole  groups  are 
affected  more  than  others ;  but  exceptions  always  occur,  for 
some  species  in  the  most  fertile  groups  refuse  to  breed,  and 
some  in  the  most  sterile  groups  breed  freely.  Those  animals 
which  usually  breed  freely  under  confinement,  rarely  breed, 
as  I  was  assured,  in  the  Zoological  Gardens,  within  a  year  or 
two  after  their  first  importation.  When  an  animal  which  is 
generally  sterile  under  confinement  happens  to  breed,  the 
3'oung  apparently  do  not  inherit  this  power:  for  had  this 
been  the  case,  various  quadrupeds  and  birds,  which  are 
valuable  for  exhibition,  would  have  become  common.  Dr. 
Broca  even  afiirms  ®*  that  many  animals  in  the  Jardin  des 
Plantes,  after  having  produced  young  for  three  or  four  suc- 
cessive generations,  become  sterile;  but  this  may  be  the 
result  of  too  close  interbreeding.  It  is  a  remarkable  circum- 
stance that  many  mammals  and  birds  have  produced  hybrids 
under  confinement  quite  as  readily  as,  or  even  more  leadily 
than,  they  have  procreated  their  own  kind.  Of  this  fact  many 
instances  have  been  given ;  *^  and  wo  are  thus  reminded  of 
those  plants  which  when  cultivated  refuse  to  be  fertilised  by 

**  *  Journal  de  Phjsiologie,'   torn.       subject,  see  F.  Cuvicr,  in  *  Annales  da 
ii.  p.  347.  Museum/  torn.  xii.  p.  119. 

*'  For  additional  tTidence  on  this 
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their  own  pollen,  but  can  easily  be  fertilised  by  that  of  a 
distinct  species.  Finally,  we  must  conclude,  limited  as  the 
conclusion  is,  that  changed  conditions  of  life  have  an  especial 
power  of  ficting  injuriously  on  the  reproductive  system.  The 
whole  case  is  quite  peculiar,  for  these  organs,  thoagh  not 
diseased,  are  thus  rendered  incapable  of  performing  their 
proper  functions,  or  perform  them  imperfectly. 

Sterility  of  Domesticated  AnimaU  frorn  diaiif/ed  cotiditions. — With 
respect  to  domesticated  animals,  as  their  domestication  mainly 
dex)endR  on  the  accident  of  their  breeding  freely  imder  captiviiy, 
we  ought  not  to  expect  that  their  reproductive  system  would  be 
affected  by  any  moderate  degree  of  change.  Those  orders  of 
quadrupeds  and  birds,  of  which  the  wild  species  breed  most  readily 
in  our  menageries,  have  afforded  us  the  greatest  number  of  domes- 
ticated productions.  Savages  in  most  parts  of  the  world  are  fond 
of  taming  animals  ;**  and  if  any  of  these  regularly  produced  young, 
and  were  at  the  same  time  useful,  they  would  be  at  once  domes^- 
cated.  If,  when  their  masters  migrated  into  other  countries,  they 
were  in  addition  found  capable  of  withstanding  various  climates, 
they  would  be  still  more  valuable;  and  it  appears  that  the  animals 
which  breed  readily  in  captivity  can  generally  withstand  different 
climates.  Some  few  domesticated  animals,  such  as  the  reindeer  and 
camel,  offer  an  exception  to  this  rule.  Many  of  our  domesticated 
animals  can  bear  with  undiminished  fertility  the  most  unnatural 
conditions ;  for  instance,  rabbits,  guinea-pigs,  and  ferrets  breed  in 
miserably  confined  hutches.  Few  European  dogs  of  any  kind 
withstand  the  climate  of  India  without  degenerating,  but  as  long 
as  they  survive,  they  retain,  as  I  hear  from  Dr.  Falconer,  their 
fertility;  so  it  is,  according  to  Dr.  Daniell,  with  English  dogs 
taken  to  Sierra  Leone.  The  fowl,  a  native  of  the  hot  jungles  of 
India,  becomes  more  fertile  than  its  parent-stock  in  every  quarter 
of  the  world,  until  we  advance  as  far  north  as  Greenland  and 
Northern  Siberia,  where  this  bird  will  not  breed.  Both  fowls  and 
pigeons,  which  I  received  during  the  autumn  direct  from  Sierra 
Leono,  were  at  once  ready  to  couple.^®    I  have,  also,  seen  pigeons 


••  Numerous  instances  could  be 
given.  Thus  Livingstone  (*  Travels,* 
p.  217)  states  that  the  King  of  the 
oarotse,  an  inland  tribe  which  never 
had  any  communication  with  white 
men,  was  extremely  fond  of  taming 
aaimalK,  and  every  young  antelope  was 
brought  to  him.  Mr.  Galton  informs 
me  that  the  Dnmaras  arc  likewise 
fond  of  keeping  pets.  The  Indians  of 
South  America  follow  the  same  habit. 
Capt.  Wilkes  states  that   the   Poly- 


nesians of  the  Snmoan  Islands  tamed 
pigeons;  and  the  New  inlanders,  as 
Mr.  Mantell  informs  me,  kept  various 
kinds  of  birds. 

^'  For  analogous  cases  with  the 
fowl,  see  Ueaumur,  *  L'.Art  dc  falre 
Eclorc,'  &c.,  1749,  p.  243 ;  and  Col. 
Sykes,  in  *  Proc.  Zoolog.  Sor.,*  183'2, 
&c.  With  respect  to  the  fowl  not 
breeding  in  northern  regions,  set 
Latham's  *  Hist,  of  Birds,'  vol.  viii., 
1823,  p.  169. 


Chap.  XVIII.  CHANGED  CONDITIONS.  145 

breeding  as  freely  as  the  common  kinds  within  a  year  after  their 
importation  from  the  upper  Nile.  The  guinea-fowl,  an  aboriginal 
of  the  hot  and  dry  deserts  of  Africa,  whilst  living  under  our  damp 
and  cool  climate,  produces  a  large  supply  of  eggs. 

Nevertheless,  our  domesticated  animals  under  new  conditions 
occasionally  show  signs  of  lessened  fertility.  Roulin  asserts  that 
in  the  hot  valleys  of  the  equatorial  Cordillera  sheep  are  not  fully 
fecund ;"°  and  according  to  Lord  Somerville,"  the  merino-sheep 
which  he  imported  from  Spain  were  not  at  first  perfectly  fertile.  It 
is  said'^  that  mares  brought  up  on  dry  food  in  the  stable,  and 
turned  out  to  grass,  do  not  at  first  breed.  The  peahen,  as  we  have 
seen,  is  said  not  to  lay  so  many  eggs  in  England  as  in  India.  It 
was  long  before  the  canary-bird  was  fully  fertile,  and  even  now  first- 
rate  breeding  birds  are  not  common.^^  In  the  hot  and  dry  province 
of  Delhi,  as  I  hear  from  Dr.  Falconer,  the  eggs  of  the  turkey, 
though  placed  under  a  hen,  are  extremely  liable  to  fail.  According 
to  Roulin,  geese  taken  to  the  lofty  plateau  of  Bogota,  at  first  laid 
seldom,  ana  then  only  a  few  eggs ;  of  these  scarcely  a  fourth  were 
hatched,  and  half  the  young  birds  died ;  in  the  second  generation 
they  were  more  fertile ;  and  when  Roulin  wrote  they  were  becoming 
as  fertile  as  our  geese  in  Europe.  With  respect  to  the  valley  of 
Quito,  Mr.  Orton  says  :'*  "  the  only  geese  in  the  valley  are  a  few 
imported  from  Europe,  and  these  refuse  to  propagate."  In  the 
Philippine  Archipelago  the  goose,  it  is  asserted,  will  not  breed  or  even 
lay  eggs.*^*  A  more  curious  case  is  that  of  the  fowl,  which,  accord- 
ing to  Koulin,  when  first  introduced  would  not  breed  at  Cusco  in 
Bolivia,  but  subsequently  became  quite  fertile ;  and  the  English  Gkime 
fowl,  lately  introduced,  had  not  as  yet  arrived  at  its  full  fertility, 
for  to  raise  two  or  three  chickens  from  a  nest  of  eggs  was  thought 
fortunate.  In  Europe  close  confinement  has  a  marked  effect  on  the 
fertility  of  the  fowl :  it  has  been  found  in  France  that  with  fowls 
allowed  considerable  freedom  only  twenty  per  cent,  of  the  eggs  failed ; 
when  allowed  less  freedom  forty  per  cent,  failed ;  and  in  close  con- 
finement sixty  out  of  the  hundred  were  not  hatched.'^'^  So  we  see  that 
>  unnatural  and  changed  conditions  of  life  produce  some  effect  on  i^e 
fertility  of  our  most  thoroughly  domesticated  animals,  in  the  same 
manner,  though  in  a  far  less  degree,  as  with  captive  wild  animals. 

It  is  by  no  means  rare  to  find  certain  males  and  females  which  will 
not  breed  together,  though  both  are  known  to  bo  perfectly  fertile 
with  other  males  and  females.  Wo  have  no  reason  to  suppose  that 
this  Is  caused  by  these  animals  having  been  subjected  to  any  change 
in  their  habits  of  life ;  therefore  such  cases  are  hardly  related  to  our 
present  subject.    The  cause  apparently  lies  in  an  innate  sexual  in- 


'*  ^^  M^m.  par  divers  Savans,"  *Acad.  '*  *The  Andes  and   the   Amazon/ 

des  Sciences,^  torn.  tI.,  1836,  p.  347.  1870,  p.  107. 

"  Youatt  on  Sheep,  p.  181.  '*  Crawfurd's  *  Descriptive  Diet,  of 

'*  J.   Mills,   'Treatise  on  Cattle,'  the  Indian  Islands,' 1856,  p.  145. 
1776,  p.  72.  ^*  '  Bull,  de  U  Soc  d'Acdimat./ 

'•  Bechstein,  *  Stubenvogel,'  s.  242.  torn,  ix.,  1862,  pp.  380,  384. 
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compatibility  of  the  pair  which  are  matched.  Several  instances  have 
been  communicated  to  me  by  Mr.  W.  C.  Spooner  (well  known  for  his 
essay  on  Cross-breeding),  by  Mr.  Eyton  of  Eyton,  by  Mr.  Wicksted 
and  other  breeders,  and  especially  by  "Mi.  Waring  of  Chelsfield,  in 
relation  to  horses,  cattle,  pigs,  foxhounds,  other  dogs,  and  pigeons."'^ 
In  these  cases,  females,  which  either  previously  or  subsequently  were 
proved  to  be  fertile,  failed  to  breed  with  certain  males,  with  whom 
it  was  particularly  desired  to  match  them.  A  change  in  the  con- 
stitution of  the  female  may  sometimes  have  occurred  before  she  was 
.put  to  the  second  male ;  but  in  other  cases  this  explanation  is  hardly 
tenable,  for  a  female,  known  not  to  be  barren,  has  been  unsuccessfully 
paired  seven  or  eight  times  with  the  same  male  likewise  known  to  be 
perfectly  fertile.  With  cart-mares,  which  sometimes  will  not  breed 
with  stallions  of  pure  blood,  but  subsequently  have  bred  with  cart- 
stalUons,  Mr.  Spooner  is  inclined  to  attribute  the  failure  to  the  lesser 
sexual  power  of  the  race-horse.  But  I  have  heard  from  the  greatest 
breeder  of  race-horses  at  the  present  day,  through  Mr.  Waring,  that 
"  it  frequently  occurs  with  a  mare  to  be  put  several  times  during 
'*  one  or  two  seasons  to  a  particular  stallion  of  acknowledged  power, 
"  and  y6t  prove  barren ;  the  mare  afterwards  breeding  at  once  with 
"  some  other  horse."  These  facts  are  worth  recording,  as  they  show, 
like  so  many  previous  facts,  on  what  slight  constitutional  differences 
the  fertility  of  an  animal  often  depends. 

Sterility  of  Plants  from  changed  Conditi&ns  of  Life^  and  from 

other  causes, 

/.'  In  the  vegetable  kingdom  cases  of  sterility  frequently 
occur,  analogous  with  those  previously  given  in  the  animal 
kingdom.  But  the  subject  is  obscured  by  several  circum- 
stances, presently  to  be  discussed,  namely,  the  contabescence 
of  the  anthers,  as  Gartner  has  named  a  certain  aflfection — 
monstrosities— doublencss  of  the  flower— much-enlarged  fruit 
— and  long -continued  or  excessive  propagation  by  buds. 

It  is  notorious  that  many  plants  in  our  gardens  and  hot-houses, 
though  preserved  in  the  most  perfect  health,  rarely  or  never  pro- 
duce seed.  I  do  not  allude  to  plants  which  run  to  leaves,  from 
being  kept  too  damp,  or  too  warm,  or  too  much  manured;  for 
these  do  not  flower,  and  the  case  may  be  wholly  different.  Nor  do 
I  allude  to  fruit  not  ripening  from  want  of  heat  or  rotting  from  too 
much  moisture.  But  many  exotic  plants,  with  their  ovules  and 
pollen  appearing  perfectly  sound,  will  not  set  any  seed.  The 
sterility  in  many  cases,  as  I  know  from  my  own  observation,  is 
simply  due  to  the  absence  of  the  proper  insects  for  carrying  the 
pollen  to  the  stigma.    But  after  excluding  the  several  cases  just 

^  For  pigeons,  iec  Dr.  Chapuis,  *  Lc  Pigeon  Voyageur  Beige,'  1865,  p.  6S. 
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specified,  there  are  many  plants  in  which  the  reprodactive  system 
has  been  seriously  affected  by  the  altered  conditions  of  life  to 
which  they  have  been  subjected. 

It  would  be  tedious  to  enter  on  many  details.  LinnsBus  long 
ago  observed  ^'  that  Alpine  plants,  although  naturally  loaded  with 
seed,  (produce  either  few  or  none  when  cultivated  in  gardens.  But 
exceptions  often  occur:  the  Draha  sylvestrxs,  one  of  our  most 
thoroughly  Alpine  plants,  multiplies  itself  by  s^  in  Mr.  H.  C. 
Watson's  garden,  near  London ;  and  Eemer,  who  has  particularly 
attended  to  the  cultivation  of  Alpine  plants,  found  tnat  various 
kinds,  when  cultivated,  spontaneously  sowed  themselves.'''  Many 
plants  which  naturally  grow  in  peat-earth  are  entirely  sterile  in  our 
gardens.  I  have  noticed  the  same  fact  with  several  liliaceous  plants, 
which  nevertheless  grew  vigoroosly. 

Too  much  manure  renders  some  kinds  utterly  sterile,  as  I  have 
myself  observed.  The  tendency  to  sterility  from  this  cause  runs 
in  families ;  thus,  according  to  Gartner,**  it  is  hardly  possible  to 
give  too  much  manure  to  most  GraminesB,  CrucifersB,  and  Legu- 
minosae,  whilst  succulent  and  bulbous-rooted  plants  are  ea^y 
affected.  Extreme  poverty  of  soil  is  less  apt  to  induce  sterility ; 
but  dwarfed  plants  of  Trifolium  minus  and  repens^  growing  on  a 
lawn  often  mown  and  never  manured,  were  found  by  me  not  to 
produce  any  seed.  The  temperature  of  the  soil,  and  the  season  at 
which  plants  are  watered,  often  have  a  marked  effect  on  their 
fertility,  as  was  observed  by  Kolreuter  in  the  case  of  Mirabilis." 
Mr.  Scott,  in  the  Botanic  Gardens  of  Edinburgh,  observed  that 
Oricidium  divaricatum  would  not  set  seed  when  grown  in  a  basket 
in  which  it  throve,  but  was  capable  of  fertilisation  in  a  pot  where 
it  was  a  little  damper.  Pelargonium  fulgidum,  for  many  years  after 
its  introduction,  seeded  freely;  it  then  became  sterile;  now  it  is 
fertile  ■*  if  kept  in  a  dry  stove  during  the  winter.  Other  varieties 
of  pelargonium  are  sterile  and  others  fertile  without  our  being  able 
to  assign  any  cause.  Very  slight  changes  in  the  position  of  a  plant, 
whether  planted  on  a  bank  or  at  its  base,  sometunes  make  ul  the 
difference  in  its  producing  seed.  Temperature  apparently  has  a 
much  more  powerful  influence  on  the  fertility  of  plants  than  on 
that  of  animals.  Nevertheless  it  is  wonderful  what  changes  some 
few  plants  will  withstand  with  undiminished  fertility:  thus  the 
Zephyranthes  candidal  a  native  of  the  moderately  warm  banks  of  the 
Plata,  sows  itself  in  the  hot  dry  country  near  Lima,  and  in  Yorkshire 
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which  had  been  covered  with  snow  during  three  weeks."  BurbtrU 
wallichii,  from  the  hot  Khasia  range  in  India,  is  uninjured  by  our 
sharpest  frosts,  and  ripens  its  fruit  under  our  cool  siunment. 
NcTertheleas,  I  presume  we  must  attribute  to  change  of  climate  the 
eterllitjr  of  man;  foreign  plants ;  thus,  the  Persian  and  Chinese 
lilaoB  {SyHi,ga  peraka  and  chinensii),  though  perfectly  hanhr 
here,  never  produce  a  seed;  the  common  lilac  (&  vuigara)  seeds 
with  us  moderately  well,  but  in  parte  of  Germany  the  capsules 
never  contain  seed."  Some  few  of  the  casee,  given  in  the  last 
chapter,  of  self-imi»tent  plnnts,  might  have  been  here  introduced, 
as  their  state  soems  due  to  the  conditions  to  which  they  have  b^u 
Bubjected. 

The  liability  of  plants  to  be  affected  in  their  fertility  by  Blightly 
changed  contutions  is  the  more  remarkalile,  as  the  pollen  when 
once  in  process  of  formation  ix  not  easily  ii^jured;  a  plant  may  ba 
transplanted,  or  a  branch  with  flower-buds  be  cut  off  and  placed  in 
water,  and  the  pollen  will  be  matured.  Pollen,  also,  whon 
once  mature,  may  be  kept  for  weeks  or  even  months."  The  female 
organs  aro  more  sensitive,  for  Gartner"  found  that  dicotyledonous 
planiB,  when  carefully  removed  so  that  they  did  not  in  the  least 
flag,  could  seldom  bo  fertilised ;  this  oceurred  even  with  potted 
plants  if  the  roots  had  grown  out  of  the  hole  at  the  bottom.  In 
some  few  cas^s,  however,  as  with  Digitalis,  transplantation  did  not 
prevent  fertilisation;  and  according  to  the  testimony  of  Mawz, 
Brofsica  rapa,  when  pulled  up  lij  its  roots  and  placed  in  water, 
Tipened  ite  seed.  Flower-stems  of  eeveral  monocotyledonous  plani 
when  cut  off  and  placed  in  water  likewise  produce  seed.  Bui  ^ 
tbe8«  cases  I  presume  that  the  flowers  had  been  already  fertiliasi 
for  Herbert "  found  with  the  Croous  that  the  plants  might  be  a 
iDOv»dor  mutilated  after  the  act  of  fertilisation,  and  would  »" 
perfect  their  seeds;  but  that,  if  transplanted  before  being  fi 
the  appUcatios  of  pollen  was  powerless. 

Plants  which  have  been  long  cultivated  can  generally  eudnntfl 
with  undiminished  fertility  Tarious  and  great  changes ;  but  not  H, 
most  coses  so  great  a  change  of  climate  as  domesticated  animals. 
It  is  remarkable  that  many  plante  under  these  circumstiuices  are 
BO  much  affected  that  the  proportion  and  the  nature  of  their  che- 
mical ingrediente  are  modified,  yet  their  fertility  is  tuumpaired. 
Thus,  as  Br.  Falconer  informs  me,  there  is  a  great  difference  in  thi 
character  of  the  fibre  in  hemp,  in  the  quantity  of  oil  in  the  seed  q| 
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the  Linum,  in  the  proportion  of  narcotin  to  morphine  in  the  pomj, 
in  gluten  to  starch  in  wheat,  when  these  plants  are  cultivatea  on 
the  plains  and  on  the  mountains  of  India ;  nevertheless,  they  all 
remain  fully  fertUe. 

Contabescence. — Gartner  has  designated  by  this  term  a  peculiar 
condition  of  the  anthers  in  certain  plants,  in  which  they  are  shh- 
Yelled,  or  become  brown  and  tough,  and  contain  no  good  pollen« 
When  in  this  state  they  exactly  resemble  the  anthers  of  the  most 
sterile  hybrids.  Gartner,^  in  his  discussion  on  this  subject,  has 
shown  that  plants  of  many  orders  are  occasionally  thus  afifected ; 
but  the  Caryophyllace88  and  LiliacesB  suffer  moat,  and  to  these 
orders,  I  think,  the  EricaceaB  may  be  added.  Ck)ntabescence  varies 
in  degree,  but  on  the  same  plant  all  the  flowers  are  generally  affected 
to  nearly  the  same  extent.  _The  anthers  are  affected  at  a  yery  early 
period  in  the  flower-bud,  and  remain  in  the  same  state  (with  one 
record^  exception)  during  the  life  of  the  plant.  The  affection 
cannot  be  cured  by  any  change  of  treatment,  and  is  propagated  by 
layers,  cuttings,  &c.,  and  perhaps  even  by  seed.  In  contabescent 
plants  the  female  organs  are  seldom  afifected,  or  merely  become 
precocious  in  their  development.  The  cause  of  this  affection  is 
doubtful,  and  is  different  in  different  cases.  Until  I  read  Gartner's 
discussion  I  attributed  it,  as  apparently  did  Herbert,  to  the  un- 
natural treatment  of  the  plants ;  but  its  permanence  under  changed 
conditions,  and  the  female  organs  not  l>Bing  affected,  seem  incom- 
patible with  this  view.  The  fact  of  several  endemic  plants  be- 
coming contabescent  in  our  gardens  seems,  at  first  sight,  equally 
incompatible  with  this  view;  but  Kolreuter  believes  that  this  is 
the  result  of  their  transplantation.  The  contabescent  plants  of 
Dianthus  and  Verbascum,  found  wild  by  Wiegmann,  grew  on  a 
dry  and  sterile  bank.  The  fact  that  exotic  plants  are  eminently 
liable  to  this  affection  also  seems  to  show  that  it  is  in  some  manner 
caused  by  their  unnatural  treatment.  In  some  instances,  as  with 
Silene,  Gartner*s  view  seems  the  most  probable,  namely,  that  it  is 
caused  by  an  inherent  tendency  in  the  species  to  become  dioecious. 
I  can  ada  another  cause,  namely,  the  illegitimate  unions  of  hetero- 
styled  plants,  for  I  have  observed  seedlings  of  three  species  of 
Primula  and  of  Ly thrum  aalicaria,  which  had  been  raised  from 
plants  illegitimately  fertilised  by  their  own-form  pollen,  with  some 
or  all  their  anthers  in  a  contabescent  state.  There  is  perhaps  an 
additional  cause,  namely,  self-fertilisation;  for  many  plants  of 
Dianthus  and  Lobelia,  which  had  been  raised  from  sclf-fertiLised 
seeds,  had  their  anthers  in  this  state ;  but  those  instances  are  not 
conclusive,  as  both  genera  are  liable  from  other  causes  to  this 
affection. 

Cases  of  an  opposite  nature  likewise  occur,  namely,  plants  with 
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the  female  organs  etruck  with  sterility,  whilst  the  mi         

remain  perfect.     Dianthui  japonkvs,  a  PaEeiflora,  and  NieotianK,^ 
have  been  described  by  Gartner  "ns  being  in  this  tmusuol  coif'V 

iSoit*tro»itiii  u«  acaute  of  itiriiity. — Great  dcTiationfi  of  structnro/l 
even  when  Ihe  reproductive  orgaim  themscivea  are  not  serious^' 
affected,  soraetimeB  cause  plants  to  become  sterile.  But  in  other 
coses  plants  may  become  monetrouB  to  an  extreme  d^rec  and  yet 
retain  their  full  fertility.  Gallesio,  who  certainly  bad  great  ra- 
perience,'^  often  attributes  sterility  to  this  cause ;  but  it  may  be 
suspected  that  in  some  of  his  cases  sterility  waa  the  cause,  and  not 
the  result,  of  the  mouatrous  growths.  The  curious  St.  Valery  appta, 
aithongh  it  bears  fruit,  rarely  produces  seed.  The  wouderfuUy 
anomaTotia  flowers  of  Begonia  frtgida,  fiirmerly  described,  though, 
they  appear  &t  for  fructiticBtion,  are  sterile.*'  Species  of  Primnla 
in  which  the  calyx  is  brightly  coloured  are  said  "  to  be  oflen  sterile, 
though  I  have  known  them  to  be  fertile.  On  the  other  band, 
Verlot  gives  several  cnies  of  jiroliferouB  flowers  which  can  be  pro- 
pagated by  seed.  This  was  tjio  case  with  a  poppy,  which  hod 
become  monopetalons  by  the  nniouof  its  petals.'*  Another  extra- 
ordinary poppy,  with  the  stamens  replaced  by  numerous  small 
supplementary  caiwules,  likewise  reproduces  itself  by  seed.  Thia 
has  also  occurred  with  a  plant  of  Snxl/raga  joim,  in  which  a  sariee 
of  adventitious  carpels,  bearing  ovules  on  their  margins,  had  been 
developed  between  the  stamens  and  the  normal  carpels.**  Lastly, 
with  respect  tu  peloric  fioweis,  which  depart  wonderftilly  &am  the 
natural  structure, — those  of  Linaria  vul^rit  seem  geutxally  to  be 
more  or  less  sterile,  whilst  those  before  described  of  Atttirrhinimt 
mnj'ua,  when  artificially  fertilised  with  their  own  pollen,  are 
perfectly  fertile,  though  sterile  whea  left  to  lltomselvea,  for  bees  ue 
unable  to  crawl  into  the  narrow  tubular  flower.  The  pelo^ 
flowers  of  Corydalis  aoltda,  according  to  Oodron,"  are  sometUncB 
barren  and  sometimes  fertile;  whilst  those  of  Gloxinia  are  well 
known  to  yield  plenty  of  seed.  In  our  greenhouse  Pelaigoniiuns, 
the  central  flower  of  the  truss  is  often  peloric,  and  Mr.  Masters 
informs  me  that  he  tried  in  vain  during  several  years  to  ftet  seed 
from  these  flowers.  I  likewise  made  many  vain  attempts,  but  some- 
times succeeded  in  fertilising  them  with  pollen  from  a  normal 
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flower  of  another  variety ;  and  conversely  I  seyeral  times  fertilised 
ordinary  flowers  with  peloric  pollen.  Only  once  I  succeeded  in 
raising  a  plant  from  a  peloric  flower  fertilised  by  pollen  from  a 
peloric  flower  borne  by  another  variety ;  but  the  plant,  it  may  be 
added,  presented  nothing  particular  in  its  structure.  Hence  we 
may  conclude  that  no  general  rule  can  be  laid  down;  but  any 
great  deviation  from  the  normal  structure,  even  when  the  repro- 
ductive organs  themselves  are  not  seriously  affected,  certainly  often 
leads  to  sexual  impotence. 

Double  Flowers. — When  the  stamens  are  converted  into  petals, 
the  plant  becomes  on  the  male  side  sterile;  when  both  stamens 
and  pistils  are  thus  changed,  the  plant  becomes  completely  barren. 
Symmetrical  flowers  having  numerous  stamens  and  petals  are  the 
most  liable  to  become  double,  as  perhaps  follows  from  all  multiple 
organs  being  the  most  subject  to  variability.  But  flowers  furnished 
with  only  a  few  stamens,  and  others  which  are  asymmetrical  in 
structure,  sometimes  become  double,  as  we  see  with  the  double 
gorse  or  Ulex,  and  Antirrhinum.  The  Ck)mpositad  bear  what  are 
called  double  flowers  by  the  abnormal  development  of  the  corolla  of 
their  central  florets.  Doubleness  is  sometimes  connected  witti 
prolification,^  or  the  continued  growth  of  the  axis  of  the  flower. 
I>oubleness  is  strongly  inherited.  No  one  has  produced,  as  Lindley 
remarks,*^  double  flowers  by  promoting  the  perfect  health  of  the 
plant.  On  the  contrary,  unnatural  conditions  of  life  f&vour  their 
production.  There  is  some  reason  to  believe  that  seeds  kept  during 
many  years,  and  seeds  believed  to  be  imperfectly  fertilised,  yield 
double  flowers  more  freely  than  fresh  and  perfectly  fertilised  seed." 
Long-continued  cultivation  in  rich  soil  seems  to  be  the  commonest 
exciting  cause.  A  double  narcissus  and  a  double  AntJiemia  nobtlis, 
transpknted  into  very  poor  soil,  has  been  observed  to  become 
single;^  and  I  have  seen,  a  completely  double  white  primrose 
rendered  permanently  single  by  being  divided  and  transplanted 
whilst  in  full  flower.  It  has  been  observed  by  Professor  E.  Morren 
that  doubleness  of  the  flowers  and  variegation  of  the  leaves  are 
antagonistic  states ;  but  so  many  exceptions  to  the  rule  have  Jately 
been  recorded,'^  that,  though  general,  it  cannot  be  looked  at  as 
invariable.  Variegation  seems  generally  to  result  from  a  feeble  or 
atrophied  condition  of  the  plant,  and  a  large  proportion  of  the 
seedlings  raised  from  parents,  if  both  are  variegatea,  usually  perish  at 
an  early  age ;  hence  we  may  perhaps  infer  that  doubleness,  which  is 
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the  antagonistic  state,  commonly  iLrisea  from  a  plethoric  condition. 
On  the  other  huid,  extremely  poor  soil  sometimes,  though  rarely, 
appMTs  to  cause  doubleaesB :  1  formerly  described  ""  some  completely 
double,  bud'likc,  flowers  prodaced  in  birge  numbers  by  stunted 
wild  plants  of  Geiitiaiui  amitrella  growing  on  a  poor  chalky  bank.  I 
hare  also  noticed  a  distinct  tendency  to  ooubleaess  in  the  flowers  of 
a  Bonunculus,  Horse-chestnut,  and  Bladder-nut  (Ainuneufuf  reproi, 
/Eteulut  pavvt,  and  Staphylea),  growing  under  very  unravourable 
conditions.  Professor  Lelimanu ''^ found  several  wildplants growing 
near  a  hot  spring  with  double  flowers.  With  respect  to  the  cause  of 
doublenesB,  which  arises,  as  we  see,  under  widely  different  ciicnm- 
staoces,  I  shall  presently  attempt  to  show  that  the  most  probable 
view  is  that  unuatunl  conditions  flrat  give  a  tendency  to  sterility, 
and  that  then,  on  the  jirincijile  of  compenBalion,  as  the  re|irodQotive 
organs  do  not  perform  their  proper  functions,  they  either  become 
developed  into  petals,  or  additional  petals  are  formed.  This 
view  has  lafely  been  supported  by  Mr.  Laiton,""  who  advances  the 
case  of  some  common  peas,  which,  after  long-continued  heavy  rain, 
flowGiod  a  second  time,  and  produced  double  flowers. 

Setdtai  Frnit.~Ma.nj  of  our  most  valuable  froite,  although  cou- 
BiBting  in  a  homological  sense  of  widely  different  organs,  are  either 

Suite  sterile,  or  produce  extremely  few  seeds.  This  is  notoriously 
le  case  with  our  beet  pears,  grapes,  and  figs,  with  the  pine-apple, 
banana,  bread-fmit,  pomegranale,  azorole,  date-palms,  ond  some 
members  of  the  orange-tribe.  Poorer  varieties  of  those  same  frajta 
either  habitually  or  occasionally  yield  seed.""  Most  horticulturists 
lookatthegreat  siite  and  anomolons  development  of  the  fnut,a8 

cause,  and  sterility  as  the  result ;  but  the  opposite  view, ' 

presently  see,  is  more  probable, 

SlfUilij  from  the  exixaiit  dttttopmrnit  of  the  orgaitt  ijf  Orowlh 

Vtgclation. — Plants  which  from  any  cause  grow  too  Inxuriantly,  a 

produce  loaves,  sterna,  runners,  suckera,  tubers,  buiha,  Ac,  in  excess, 
sometimes  do  not  flower,  or  if  they  flower  do  not  yield  seed.  To 
make  l^uropeon  vegetables  under  the  hot  climate  of  India  yield 
seed,  it  is  necessary  to  check  their  growth;  and,  when  ODo-thitd 
grown,  they  are  taken  up,  and  theit  stems  and  tap-roots  are  cut  OB 
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mutilated.*^  So  it  is  with  hybrids ;  for  instance,  Prof.  Lecoq  ^  had 
three  plants  of  Mirabilis,  which,  though  they  grew  luxnriantly  and 
flowered,  were  quite  sterile ;  but  after  beating  one  with  a  stick  until 
a  few  branches  alone  were  left,  these  at  once  yielded  good  s^.  The 
sugar-cane,  which  grows  vigorously  and  produces  a  large  supply  of 
succulent  stems,  never,  according  to  various  observers,  bears  seed  in 
the  West  Indies,  Malaga,  India,  Cochin  China,  Mauritius,  or  the 
Malay  Archipelago.**^  Plants  which  produce  a  large  number  of 
tubers  are  apt  to  be  sterile,  as  occurs,  to  a  certain  extent,  with  the 
common  potato;  and  Mr.  Fortune  informs  me  that  the  sweet 
potato  {Convolvulus  batatas)  in  China  never,  as  far  as  he  has  seen, 
yields  seed.  Dr.  Royle  remarks  ^^  that  in  India  the  Agave  vivipara, 
when  grown  in  rich  soil,  invariably  produces  bulbs,  but  no  seeds ; 
whilst  a  poor  soil  and  dry  climate  lead  to  an  opposite  result.  Li 
China,  according  to  Mr.  Fortune,  an  extraordinary  number  of  little 
bulbs  are  developed  in  the  axils  of  the  leaves  of  the  yam,  and  this 

Slant  does  not  bear  seed.  Whether  in  these  cases,  as  in  those  of 
ouble  flowers  and  seedless  fruit,  sexual  sterility  from  changed 
conditions  of  life  is  the  primary  cause  which  leads  to  the  excessive 
development  of  the  organs  of  vegetation,  is  doubtful ;  though  some 
evidence  might  Ikj  advanced  in  favour  of  this  view.  It  is  perhaps  a 
more  probable  view  that  plants  which  propagate  themselves  largely 
by  one  method,  namely  by  buds,  have  not  sufficient  vital  power  or 
organised  matter  for  the  other  method  of  sexual  generation. 

Several  distinguished  botanists  and  good  practical  judges  believe 
that  long-continued  propagation  by  cuttings,  runners,  tu^rs,  bulbs, 
&c.,  independently  of  any  excessive  development  of  these  parts,  is 
the  cause  of  many  plants  failing  to  produce  flowers,  or  producing 
only  barren  flowers, — it  is  as  if  they  had  lost  the  habit  of  sexual 
generation.*^  That  many  plants  when  thus  propagated  are  sterile 
there  can  be  no  doubt,  but  as  to  whether  the  long  continuance  of  this 
form  of  propagation  is  the  actual  cause  of  their  sterility,  I  will  not 
venture,  from  the  want  of  sufficient  evidence,  to  express  an  opinion. 
That  plants  may  be  propagated  for  long  periods  by  buds,  without 
the  aid  of  sexual  generation,  we  may  safely  infer  from  this  being  the 
case  with  many  plants  which  must  have  long  survived  in  a  state  of 
nature.  As  I  have  had  occasion  before  to  allude  to  this  subject,  I 
will  here  give  such  cases  as  I  have  collected.    Many  alpine  plants 


*•■*  Inglcdew,  in  '  Transact,  of  Agri- 
cult,  and  Hort.  Soc.  of  India,'  vol.  ii. 

'••  *De  la  Fecondation,'  1862,  p. 
308. 

'•'  Honker's  *  Bot.  Misc./  vol.  i.  p. 
99;  Gallesio,  *Teoria  della  Ripro- 
duzione,*p.  1U>.  Dr.  J.  de  Conlemoy, 
in  *  Transact,  of  the  R.  Soc.  of  Mauri- 
tius' (new  seriwX  vol.  ri.  1873,  pp. 
60-67,  gives  a  large  number  of  cases 
of  plants  which  never  seed,  including 


several  si)ecies  indigenous  in  Mauri- 
tius. 

'••  *  Transact.  Linn.  Soc.,'  vol.  xvii. 
p.  563. 

'••  Godron,  » De  I'Esp^e,'  torn.  ii. 
p.  106;  Herbert  on  Crocus,  in  'Jour- 
nal of  llort.  Soc.,'  vol.  i.,  1846,  p. 
2.'*4 :  Dr.  Wight,  from  what  he  has 
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vol.  iv.,  1836,  p.  61. 
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ascecii  mountains  beyond  the  height  ot  which  thoy  can  ^ffoduo*  " 
seed.'"  Certain  Bpecies  of  Poa  anil  Festuca,  when  growing  on 
mountain-pastures,  propagate  themsclyes,  as  I  hear  from  Mr. 
Bentham.  almost  exclusively  by  bulblets.  Kalm  gives  amore  curious 
instance"'  of  several  American  trees,  which  grow  so  plentifully  in 
marshes  or  in  thick  woods,  that  they  are  cerlainly  well  adapted  for 
those  statjons,  yet  scarcely  ever  produce  seeds ;  but  when  scciden- 
tallT  growing  on  the  outside  of  the  niarah  or  wood,  are  loaded  with 
esM.  The  common  ivy  is  found  in  Northern  Sweden  and  Bussia, 
but  fiowers  and  fruits  only  in  the  southern  provinces.  The  dcona 
calamus  extends  over  a  large  portion  of  the  globe,  but  eo  rarely 
perfects  fruit  that  this  has  bei:n  seen  only  by  a  few  botanists; 
according  to  Caspary,  all  its  pol lea-grains  are  in  a  worthless  condi- 
tion.'" The  Hyimrictin  talytinum,  which  propagates  itself  so  freely 
in  our  shmbberics  by  rhizomes,  and  is  naturalised  in  Ireland, 
blossoms  profusely,  but  rarely  seta  any  seed,  and  this  only  during 
certain  years;  nor  did  it  set  any  when  fertilised  in  my  garden  by 
pollen  from  plants  growing  at  a  distance.  The  Lysimachia  jiumvw- 
laria,  which  is  furnislicd  with  long  runners,  so  seldom  produces 
eoed-«apeules,  that  Prof.  Deeaiane,*"  who  has  especially  attended  to 
this  plant,  has  never  secai  it  in  fruit.  The  fnrra  rigida  often  fiiils 
to  perfect  ite  seed  in  Scotland,  Lapland,  Greenland,  Germany,  and 
Now  Hamjwhire  in  the  United  States.'"  The  periwinkle  ( I'inea 
minor),  which  spreads  largely  by  runners,  is  said  scarcely  ever  to 
produce  fruit  in  England  ; '"  but  this  plant  requires  insect-aid  for 
its  fertilisation,  and  the  proper  insects  may  be  absent  or  rare.  The 
Jutsieea  grandiflora  has  become  naturalised  in  Southern  France,  and 
has  spread  by  its  rhizomes  so  exleosively  as  to  impede  the  naviga- 
tion of  the  waters,  but  never  produces  fertile  seed."*  The  horse- 
radish {CochUaria  armnraci'i)  spreads  pertinaciously  and  is  natural- 
ised in  various  parts  of  Europe ;  though  it  bean  flowers,  these 
nroly  produce  capsules :  Professor  Caspary  informs  me  that  he  baa 
watched  this  plant  since  1U51,  but  has  never  seen  its  fruit;  65  per 
cent,  of  its  pollec-^ins  are  bad.  The  common  Eannncidui  ficaria 
rarely  bears  seed  m  England,  France,  or  Switzerland;  but  in  1863 
I  observed  seeds  on  several  plants  growing  near  my  house."'  Other 
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coses  analogous  with  the  foregoing  could  be  given;  for  instance, 
some  kinds  of  mosses  and  lichens  have  never  been  seen  to  fructify  in 
France. 

Some  of  these  endemic  and  naturalised  plants  are  probably 
rendered  sterile  from  excessive  multiplication  by  buds,  and  their 
consequent  incapacity  to  produce  and  nourish  seed.  But  the 
sterility  of  others  more  probably  depends  on  the  peculiar  condi- 
tions imder  which  they  live,  as  in  the  case  of  the  ivy  in  the  northern 
parts  of  Europe,  and  of  the  trees  in  the  swamps  of  the  United 
States ;  yet  these  plants  must  be  in  some  respecto  eminently  well 
adapted  for  the  stations  which  they  occupy,  for  they  hold  their 
places  against  a  host  of  competitors. 

Finally,  the  high  degree  of  sterility  which  often  accom- 
panies the  doubling  of  flowers,  or  an  excessive  development  of 
fruit,  seldom  supervenes  at  once.  An  incipient  tendency  is 
observed,  and  continued  selection  completes  the  result.  The 
view  which  seems  the  most  probable,  and  which  connects 
together  all  the  foregoing  facts  and  brings  them  within  our 
present  subject,  is,  that  changed  and  unnatural  conditions  of 
life  first  give  a  tendency  to  sterility ;  and  in  consequence  of 
this,  the  organs  of  reproduction  being  no  longer  able  fully  to 
perform  their  proper  functions,  a  supply  of  organised  matter, 
not  required  for  the  development  of  the  seed,  flows  either  into 
these  organs  and  renders  them  foliaeeous,  or  into  the  fruit, 
stems,  tubers,  &c,,  increasing  their  size  and  succulency.  But 
it  is  probable  that  there  exists,  independently  of  any  incipient 
sterility,  an  antagonism  between  the  two  forms  of  repro- 
duction, namely,  by  seed  and  buds,  when  either  is  carried  to 
an  extreme  degree.  That  incipient  sterility  plays  an  impor- 
tant part  in  the  doubling  of  flowers,  and  in  the  other  cases 
just  specified,  I  infer  chiefly  from  the  following  facts.  When 
fertility  is  lost  from  a  wholly  different  cause,  namely,  from 
hybridism,  there  is  a  strong  tendency,  as  Gartner***  aflirms, 

70;  Vaucher,   *  Hist.    Phys.  Plantes  phnr,"' Abhand.  Naturvr.Gesellsch.  za 

d'Europo,'  torn.  i.  p.  33 ;  Lecoq,  *  G^o-  Halle,'  B.  xi.  1870,  p.  40,  78. 
graph.    Bot.  d'Europe,'   torn.   iv.    p.  "*  *  Bastarderzeugung,'     s.     565 

406 ;  Dr.  D.  Clos,  in  '  Annal.  des  Sc.  Kolreutcr    (Dritte     Fortseizung,    9. 

Nat.,'  3rd  series,    Bot.,   torn.    ZTii.,  73,  87,  119)  also  shows  that  when 

1852,  p.  129:  this  latter  author  refers  two  species,  one  single  and  the  other 

to  other  analogous  cases.     See  more  double,  are  crossed,  the  hybrids  are 

cmdally  on  this  plant,  and  on  other  apt  to  be  extremely  double, 
allied  cases,  Prof.  Caspary,  "Die  Kn- 


156  STEBILITY.  Chap.  XVIIL 

for  flowers  io  become  double,  and  this  tendency  is  inherited. 
Moreover,  it  is  notorious  that  with  hybrids  the  male  organs 
become  sterile  before  the  female  organs,  and  with  double 
flowers  the  stamens  first  become  foliaceous.  This  latter  fact 
is  well  shown  by  the  male  flowers  of  dioecious  plants,  which, 
according  to  Gallesio,^^'  first  become  double.  Again,  Gart- 
ner *^®  often  insists  that  the  flowers  of  even  utterly  sterile 
hybrids,  which  do  not  produce  any  seed,  generally  yield 
perfect  capsules  or  fruit,-  a  fact  which  has  likewise  been 
repeatedly  observed  by  Naudin  with  the  Cucurbitace® ;  so 
that  the  production  of  fruit  by  plants  rendered  sterile  through 
any  cause  is  intelligible.  Kolreuter  has  also  expressed  his 
unbounded  astonishment  at  the  size  and  development  of  the 
tubers  in  certain  hybrids ;  and  all  experimentalists  "^  have 
remarked  on  the  strong  tendency  in  hybrids  to  increase  by 
roots,  runners,  and  suckers.  Seeing  that  hybrid  plants, 
which  from  their  nature  are  more  or  less  sterile,  thus  tend  to 
produce  double  flowers ;  that  they  have  the  parts  including 
the  seed,  that  is  the  fruit,  perfectly  developed,  even  when 
containing  no  seed ;  that  they  sometimes  yield  gigantic 
roots ;  that  they  almost  invariably  tend  to  increase  largely  by 
suckers  and  other  such  means ; — seeing  this,  and  knowing, 
from  the  many  facts  given  in  the  earlier  parts  of  this  chapter, 
that  almost  all  organic  beings  when  exposed  to  unnatural 
conditions  tend  to  become  more  or  less  sterile,  it  seems  much 
the  most  probable  view  that  with  cultivated  plants  sterility 
is  the  exciting  cause,  and  double  flowers,  rich  .seedless  fruit, 
and  in  some  cases  largely-developed  organs  of  vegetation,  &c., 
are  the  indirect  results — these  results  having  been  in  most 
cases  largely  increased  through  continued  selection  by  man. 

"•  'Teoria      della     Riprodazione  "•  *  Bastarderzeugung,' s.  573. 

Vcg.,'  1816,  p.  73.  ">  Ibid.,  a.  527. 
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CHAPTER  XIX. 

SUMMARY   OP  THE  FOUR  LAST   CHAPTERS,   WITH    REMARKS    OH 

HYBRIDISM. 

ON  THE  EFFECTS  OF  CROSSING — THE  INFLUENCE  OF  DOMESTICATION  ON 
FERTILITY — CLOSE  INTERBREEDINO — GOOD  AND  EVIL  RESULTS  FROM 
CHANGED  CONDITIONS  OF  LIFE — VARIETIES  WHEN  CROSSED  NOT  IN- 
VARIABLY FERTILE — ON  THE  DIFFERENCE  IN  FERTILITY  BETWEEN 
CROSSED  SPECIES  AND  VARIETIES — CONCLUSIONS  WITH  RESPECT  TO 
HYBRIDISM — LIGHT  THROWN  ON  HYBRIDISM  BY  THR  ILLEGITIMATB 
PROGENY  OF  HETEROSTYLED  PLANTS — STERILITY  OF  CROSSED  SPECIES 
DUE  TO  DIFFERENCES  CONFINED  TO  THE  REPRODUCTIVE  SYSTEM — NOT 
ACCUMULATED  THROUGH  NATURAL  SELECTION — REASONS  WHY  DOMESTIC 
VARIETIES  ARE  NOT  MUTUALLY  STERILE — TOO  MUCH  STRESS  HAS  BEEN 
LAID  ON  THE  DIFFERENCE  IN  FERTILITY  BETWEEN  CROSSED  SPECIES  AND 
CROSSED  VARIETIES— CONCLUSION. 

It  was  shown  in  the  fifteenth  chapter  that  when  individuals 
of  the  same  variety,  or  even  of  a  distinct  variety,  are  allowed 
freely  to  intercross,  uniformity  of  character  is  ultimately  ac- 
quired. Some  few  characters,  however,  are  incapable  of 
fusion,  but  these  are  unimportant,  as  they  are  often  of  a 
semi-monstrous  nature,  and  have  suddenly  appeared.  Hence, 
to  preserve  our  domesticated  breeds  true,  or  to  improve  them 
by  methodical  selection,  it  is  obviously  necessary  that  they 
should  be  kept  separate.  Nevertheless,  a  whole  body  of 
individuals  may  be  slowly  modified,  through  unconscious 
selection,  as  we  shall  see  in  a  future  chapter,  without  separa- 
ting them  into  distinct  lots.  Domestic  races  have  often  been 
intentionally  modified  by  one  or  two  crosses,  made  with  some 
allied  race,  and  occasionally  even  by  repeated  crosses  with 
very  distinct  races ;  but  in  almost  all  such  cases,  long-con- 
tinued and  careful  solecticm  has  been  absolutely  necessary, 
owing  to  the  excessive. variability  of  the  crossed  offspring, 
due  to  the  principle  of  reversion.  In  a  few  instances,  how- 
ever, mongrels  have  retained  a  uniform  character  from  their 
first  production. 
When  two  varieties  are  allowed  to  crose  freely,  and  one  is 
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much  more  numerous  than  the  other,  the  former  will  ulti- 
mately absorb  the  latter.  Should  both  varieties  exist  in 
nearly  equal  numbers,  it  is  probable  that  a  considerablo 
period  would  elapse  before  the  acquirement  of  a  uniform 
character;  and  the  character  ultimately  acquired  would 
largely  depend  on  prepotency  of  transmission  and  on  the  con- 
ditions of  life;  for  the  nature  of  these  conditions  would 
generally  favour  one  variety  more  than  another,  so  that  a  kind 
of  natural  selection  would  come  into  play.  Unless  the  crossed 
offspring  were  slaughtered  by  man  without  the  least  discri- 
mination, some  degree  of  unmethodical  selection  would  like- 
wise come  into  action.  From  these  several  considerations 
we  may  infer,  that  when  two  or  more  closely  allied  species 
first  came  into  the  possession  of  the  same  tribe,  their  crossing 
will  not  have  influenced,  in  so  great  a  degree  as  has  often 
been  supposed,  the  character  of  the  offspring  in  future  times ; 
although  in  some  cases  it  probably  has  had  a  considerable 
effect. 

Domestication,  as  a  general  rule,  increases  the  prolificness 
of  animals  and  planls.  It  eliminates  the  tendency  to  sterility 
which  is  common  to  species  when  first  taken  from  a  state  of 
nature  and  crossed.  On  this  latter  head  we  have  no  direct 
evidence ;  but  as  our  races  of  dogs,  cattle,  pigs,  &c.,  are  almost 
certainly  descended  from  aboriginally  distinct  stocks,  and  as 
these  races  arc  now  fully  fertile  together,  or  at  least  incom- 
parably more  fertile  than  most  species  when  crossed,  we  may 
with  entire  confidence  accept  this  conclusion. 

Abundant  evidence  has  been  given  that  crossing  adds  to 
the  size,  vigour,  and  fertility  of  the  offspring.  This  holds 
good  when  there  has  been  no  previous  close  interbreeding. 
It  applies  to  the  individual  of  the  same  variety  but  belonging 
to  different  families,  to  distinct  varieties,  sub-species,  and 
even  to  species.  In  the  latter  case,  though  size  is  gained, 
fertility  is  lost ;  but  the  increased  size,  vigour,  and  hardiness 
of  many  hybrids  cannot  be  accounted  for  solel}'  on  the 
principle  of  compensation  from  the  inaction  of  the  reproduc- 
tive system.  Certain  plants  whilst  growing  under  their 
natural  conditions,  others  when  cultivated,  and  others  of 
hybrid  origin,  are    completely  self-impotent^  though  per- 


CiiAP.  XIX.  FOUR  LAST  CHAPTERS.  159 

fectly  healthy ;  and  such  plants  can  be  stimulated  to  fertility 
only  by  being  crossed  with  other  individuals  of  the  same  or 
of  a  distinct  species. 

On  the  other  hand,  long-continued  close  interbreeding 
between  the  nearest  relations  diminishes  the  constitutional 
vigour,  size,  and  fertility  of  the  offspring ;  and  occasionally 
leads  to  malformations,  but  not  necessarily  to  general  de- 
terioration of  form  or  structure.  This  failure  of  fertility 
shows  that  the  evil  results  of  interbreeding  are  independent 
of  the  augmentation  of  morbid  tendencies  common  to  both 
parents,  though  this  augmentation  no  doubt  is  often  highly 
injurious.  Our  belief  that  evil  follows  from  close  interbreed- 
ing rests  to  a  certain  extent  on  the  experience  of  practical 
breeders,  especially  of  those  who  have  reared  many  animals 
of  quickly  propagating  kinds ;  but  it  likewise  rests  on  several 
carefully  recorded  experiments.  With  some  animals  close 
interbreeding  may  be  carried  on  for  a  long  period  witli  im-  . 
punity  by  the  selection  of  the  most  vigorous  and  healthy 
individuals ;  but  sooner  or  later  evil  follows.  The  evil,  how- 
ever, comes  on  so  slowly  and  gradually  that  it  easily  escapes 
observation,  but  can  be  recognised  by  the  almost  instantaneous 
manner  in  which  size,  constitutional  vigour,  and  fertility  are 
regained  when  animals  that  have  long  been  interbred  are 
crossed  with  a  distinct  family. 

These  two  great  classes  of  facts,  namely,  the  good  derived 
from  crossing,  and  the  evil  from  close  interbreeding,  with  the 
consideration  •  of  the  innumerable  adaptations  throughout 
nature  for  compelling,  or  favouring,  or  at  least  permitting, 
the  occasional  union  of  distinct  individuals,  t^ken  together, 
lead  to  the  conclusion  that  it  is  a  law  of  nature  that  organic 
beings  shall  not  fertilise  themselvee  for  perpetuity.  This  law 
was  first  plainly  hinted  at  in  1799,  with  respect  to  plants, 
by  Andrew  Knight,^  and,  not  long  afterwards,  that  sagacious 

'  *  Transactions  Phil.  Soc./  1799,  observer  failed  to  understand  the  full 
p.  202.  For  Kolreuter,  se«  *Mem.  de  meaning  of  the  structure  of  the 
I'Acad.  de  St.-Petersbourg,*  torn.  iii.  flowers  which  he  has  so  well  do- 
1S09  (poblishe'l  1811),  p.  197.  In  scribed,  from  not  always  having 
reading  C.  K.  Sprengel's  remarkable  before  his  mind  the  key  to  the  pro- 
work,  ^  Das  entdeckte  Qeheimnifs,*  blem,  namely,  the  good  derived  from 
&c.,  1793,  it  is  curious  to  observe  the  crossing  of  distinct  individual 
how  oft«n    this    wonderfully  acute  plants. 

S9 
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observer  Kolrouter,  after  showing  how  well  the  Malvaoe® 
are  adapted  for  crossing,  asks,  "an  id  aliquid  in  reoessu 
habeat,  quod  hujnscemodi  flores  nunquam  proprio  suo  pnl- 
vere,  sed  semper  eo  aliarum  snae  speciei  impregnentur,  merito 
queeritur?  Certe  natura  nil  facit  frustra."  Although  wo 
may  demur  to  Kolreuter's  saying  that  nature  does  nothing 
in  vain,  seeing  how  many  rudimentary  and  useless  organs 
there  are,  yet  undoubtedly  the  argument  from  the  innumer- 
able contrivances,  which  favour  crossing,  is  of  the  greatest 
weight.  The  most  important  result  of  this  law  is  that  it 
leads  to  uniformity  of  character  in  the  individuals  of  the 
same  species.  In  the  case  of  certain  hermaphrodites,  which 
probably  intercross  only  at  long  intervals  of  time,  and  with 
unisexual  animals  inhabiting  somewhat  separated  localities, 
which  can  only  occasionally  come  into  contact  and  pair,  the 
greater  vigour  and  fertility  of  the  crossed  offspring  will 
ultimately  tend  to  give  uniformity  of  character.  But  when 
we  go  beyond  the  limits  of  the  same  species,  free  intercrossing 
is  barred  by  the  law  of  sterility. 

In  searching  for  facts  which  might  throw  light  on  the 
cause  of  the  good  effects  from  crossing,  and  of  the  evil  effects 
from  close  interbreeding,  we  have  seen  that,  on  the  one  hand, 
it  is  a  widely  prevalent  and  ancient  belief,  that  animals  and 
plants  profit  from  slight  changes  in  their  condition  of  life ; 
and  it  would  appear  that  the  germ,  in  a  somewhat  analogous 
manner,  is  more  effectually  stimulated  by  the  male  element, 
when  taken  from  a  distinct  individual,  and  therefore  slightly 
modified  in  nature,  than  when  taken  from  a  male  having  the 
same  identical  constitution.  On  the  other  hand,  numeroui) 
facts  have  been  given,  showing  that  when  animals  are  first 
subjected  to  captivity,  even  in  their  native  land,  and  although 
allowed  much  liberty,  their  reproductive  functions  are  often 
greatly  impaired  or  quite  annulled.  Some  groups  of  animals 
arc  more  affected  than  others,  but  with  apparently  capricious 
exceptions  in  every  group.  Some  animals  never  or  rarely, 
couple  under  confinement ;  some  couple  freely,  but  never  or 
rarely  conceive.  The  secondary  male  characters,  the  maternal 
functions  and  instincts,  are  occasionally  affected.  AVith 
plants,  when  first  subjected  to  cultivation,  analogous  factfi 
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have  been  observed.  We  probably  owe  our  double  flowers, 
rich  seedless  fruits,  and  in  some  cases  greatly  developed 
tubers,  &c.,  to  incipient  sterility  of  the  above  nature  combined 
with  a  copious  supply  of  nutriment.  Animals  which  have 
long  been  domesticated,  and  plants  which  have  long  been 
cultivated,  can  generally  withstand,  with  unimpaired  fertility, 
great  changes  in  their  conditions  of  life ;  though  both  are 
sometimes  slightly  affected.  AVith  animals  the  somewhat 
rare  capacity  of  breeding  freely  under  confinement,  together 
with  their  utility,  mainly  determine  the  kinds  which  have 
been  domesticated. 

AVe  can  in  no  case  precisely  say  what  is  the  cause  of  the 
diminished  fertility  of  an  animal  when  first  captured,  or  of  a 
plant  when  first  cultivated ;  we  can  only  infer  that  it  is  caused 
by  a  change  of  some  kind  in  the  natural  conditions  of  life. 
The  remarkable  susceptibility  of  the  reproductive  system  to 
such  changes, — a  susceptibility  not  common  to  any  other 
organ, — apparently  has  an  important  bearing  on  Variability, 
as  we  shall  see  in  a  future  chapter. 

It  is  impossible  not  to  be  struck  with  the  double  parallelism 
between  the  two  classes  of  facts  just  alluded  to.  On  the  one 
hand,  slight  changes  in  the  conditions  of  life,  and  crosses 
between  slightly  modified  forms  or  varieties,  are  beneficial  as 
far  as  prolificness  and  constitutional  vigour  are  concerned. 
On  the  other  hand,  changes  in  the  conditions  greater  in  degree, 
or  of  a  different  nature,  and  crosses  between  forms  which 
have  been  slowly  and  greatly  modified  by  natural  means, — 
in  other  words,  between  species, — are  highly  injurious,  as  far 
as  the  reproductive  system  is  concerned,  and  in  some  few 
instances  as  far  as  constitutional  vigour  is  concerned.  Can 
this  parallelism  bo  accidental  ?  Does  it  not  rather  indicate 
some  real  bond  of  connection?  As  a  fire  goes  out  unless 
it  \)e  stirred  up,  so  the  vital  forces  are  always  tending, 
according  to  Mr.  Ilerbert  Spencer,  to  a  state  of  cquilil)rium, 
unless  disturbed  and  renovated  through  the  action  of  other 
forces. 

In  some  few  cases  varieties  tend  to  keep  distinct,  by  breed- 
ing at  different  seasons,  by  great  difference  in  size,  or  by 
sexual  preference.     But  the  crossing  of  vj^rieties,  far  from 
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diminifibing,  generally  adds  to  the  fertility  of  tlie  first 
onion  and  of  the  mongrel  offspring.  AVhether  all  the  more 
widely  distinct  domestic  varieties  are  invariably  quite  fertfle 
when  crossed,  we  do  not  positively  know ;  much  time  and 
trouble  would  be  requisite  for  the  necessary  experiments,  and 
many  difficulties  occur,  such  as  the  descent  of  the  varioiis 
races  from  aboriginally  distinct  species,  and  the  donbts 
whether  certain  forms  ought  to  be  ranked  as  species  or 
varieties.  Nevertheless,  the  wide  experience  of  practical 
breeders  proves  that  the  great  majority  of  varieties,  even  if 
some  should  hereafter  prove  not  to  be  indefinitely  fertile 
inter  se,  are  far  more  fertile  when  crossed,  than  the  vast 
majority  of  closely  allied  natural  species.  A  few  remarkable 
cases  have,  however,  been  given  on  the  authority  of  excellent 
observers,  showing  that  with  plants  certain  forms,  which  un- 
doubtedly must  be  ranked  as  varieties,  yield  fewer  seeds  when 
crossed  than  is  natural  to  the  parent-species.  Other  varieties 
have  had  their  reproductive  powers  so  far  modified  that  they 
are  either  more  or  less  fertile  than  their  parents,  when  crossed 
with  a  distinct  species. 

Nevertheless,  the  fact  remains  indisputable  that  domesti- 
cated varieties,  of  animals  and  of  plants,  which  differ  greatly 
from  one  another  in  structure,  but  which  are  certainly 
descended  from  the  same  aboriginal  species,  such  as  the  races 
of  the  fowl,  pigeon,  many  vegetables,  and  a  host  of  other 
productions,  are  extremely  fertile  when  crossed ;  and  this 
seems  to  make  a  broad  and  impassable  barrier  between 
domestic  varieties  and  natural  species.  But,  as  I  will  now 
attempt  to  show,  the  distinction  is  not  so  great  and  over- 
whelmingly important  as  it  at  first  appears. 

On  the  Difference  in  Fertilily  between  Varieties  and  Species  when 

crossed. 

This  work  is  not  the  proper  place  for  fully  treating  the 
subject  of  hybridism,  and  I  have  already  given  in  my  *  Origin 
of  SiKJcios '  a  moderately  full  abstract.  I  will  here  merely 
enumerate  the  general  conclusions  which  may  be  relied  on, 
and  which  boar  on  our  present  point. 

Firstly,  the  laws  governing  the  production  of  hybrids  ara 


Chap.  XIX.  HYBRIDISM.  103 

identical,  or  nearly  identical,  in   the  animal  and  vegetable 
kingdoms. 

Secondly,  the  sterility  of  distinct  species  when  first  united, 
and  that  of  their  hybrid  offspring,  graduate,  by  an  almost 
infinite  number  of  steps,  from  zero,  when  the  ovide  is  never 
impregnated  and  a  seed-capsule  is  never  formed,  up  to  com- 
plete fertility.  AVe  can  only  escape  the  conclusion  that  some 
species  are  fully  fertile  when  crossed,  by  determining  to 
designate  as  varieties  all  the  forms  which  are  quite  fertile. 
This  high  degree  of  fertility  is,  however,  rare.  Nevertheless, 
plants,  which  have  been  exposed  to  unnatural  conditions, 
sometimes  become  modified  in  so  peculiar  a  manner,  that  they 
are  much  more  fertile  when  crossed  with  a  distinct  species  than 
when  fertilised  by  their  own  pollen.  Success  in  effecting  a 
first  union  between  two  species,  and  the  fertility  of  their 
hybrids,  depend  in  an  eminent  degree  on  the  conditions  of 
life  being  favourable.  The  innate  sterility  of  hybrids  of  the 
same  parentage  and  raised  from  the  same  seed-capsule  often 
diff'ers  much  in  degree. 

Thirdly,  the  degree  of  sterility  of  a  first  cross  between  two 
species  does  not  always  run  strictly  parallel  with  that  of  their 
hybrid  offspring.  Many  cases  are  known  of  species  which 
can  be  crossed  with  ease,  but  yield  hybrids  excessively 
sterile;  and  conversely  some  which  can  be  crossed  with 
great  difficulty,  but  produce  fairly  fertile  hybrids.  This  is 
an  inexplicable  fact,  on  the  view  that  species  have  been 
specially  endowed  with  mutual  sterility  in  order  to  keep 
them  distinct. 

Fourthly,  the  degree  of  sterility  often  differs  greatly  in  two 
species  when  reciprocally  crossed ;  for  the  first  will  readily 
fertilise  the  second ;  but  the  latter  is  incapable,  after  hundreds 
of  trials,  of  fertilising  the  former.  Hybrids  produced  from 
reciprocal  crosses  between  the  same  two  species  likewise 
sometimes  differ  in  their  degree  of  sterility.  These  cases 
also  are  utterly  inexplicable  on  the  view  of  sterility  being  a 
special  endowment. 

Fifthly,  the  degree  of  sterility  of  first  crosses  and  of  hybrids 
runs,  to  a  certain  extent,  parallel  with  the  general  or  system- 
atic affinity  of  the  forms  which  are  united.     For  species  be- 
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longing  to  distinct  genera  can  rarely,  and  thoee  belonging 
to  distinct  families  can  never,  be  croesed.     The  paraUelism, 
however,  is  far  from  complete;  for  a   multitude  of  closely 
allied  species  will  not  unite,  or  unite  with  extreme  difficulty, 
whilst  other  species,  widelv  different  from  one  another,  can 
be   crossed  with   perfect  facility.       Nor  does  the  difficulty 
depend  on  ordinary  constitutional  differences,  for  annual  and 
perennial    plants,   deciduous    and    evergreen    trees,    plants 
flowering  at  different  seasons,  inhabiting  different  stations, 
and  naturally  living  under  the  most  opposite  climates,  can 
often   be  crossed  with  ease.     The  difficulty  or  facility  ap- 
parently depends  exclusively  on  the  sexual  constitution  of 
the  species  which  are  crossed ;    or  on  their  sexual  elective 
affinity,  f.e.  WaJdcencandUchaft  of  Gartner.     As  species  rarely 
or  never  become  modified  in  one  character,  without  being  at 
the  same  time  modified  in  many  characters,  and  as  systematic 
affinity  includes  all  visible  similarities  and   dissimilarities, 
any  difference   in   sexual  constitution   l-etween  two  species 
would  naturally  stand  in  more  or  less  close  relation  with  their 
systematic  position. 

Sixthly  J  the  sterility  of  6j)ecies  when  firat  crossed,  and  that 
of  hybrids,  may  possibly  depend  to  a  certain  extent  on  distinct 
causes.  AVith  pure  species  the  reproductive  organs  are  in  a 
perfect  condition,  whilst  with  hybrids  they  are  often  plainly 
deteriorated.  A  hybrid  embryo  which  partakes  of  the  con- 
stitution of  its  father  and  mother  is  exposed  to  unnatural 
conditions,  as  long  as  it  is  nourished  within  the  womb,  or 
^gg»  ^^  seed  of  the  mother-form ;  and  as  wo  know  that 
unnatural  conditions  often  induce  sterility,  the  reproductive 
organs  of  the  hybrid  might  at  this  early  age  be  permanently 
affected.  But  this  cause  has  no  bearing  on  the  infertility  of 
first  unions,  llio  diminished  number  of  the  offspring  from 
fii-st  unions  may  often  result,  as  is  certainly  sometimes  the 
case,  from  the  premattire  death  of  most  of  the  hybrid  embryos. 
But  we  shall  immediately  see  that  a  law  of  an  unknown 
nature  apparently  exists,  which  leads  to  the  offspring  fix)m 
unions,  which  are  infertile,  being  themselves  more  or  less 
infertile  ;  and  this  at  present  is  all  that  can  be  said. 

Seventhly,  hybrids  and  mongrels  present,  with  the  one  great 
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exception  of  fertility,  the  most  striking  accordance  in  all  other 
respects ;  namely,  in  the  laws  of  their  resemblance  to  their 
two  parents,  in  their  tendency  to  reversion,  in  their  varia- 
bility, and  in  being  absorbed  through  repeated  crosses  by 
either  parent- form. 

After  arriving  at  these  conclusions,  I  was  led  to  investigate 
a  subject  which  throws  considerable  light  on  hybridism, 
namely,  the  fertility  of  heterostyled  or  dimorphic  and 
trimorphic  plants,  when  illegitimately  united.  I  have  had 
occasion  several  times  to  allude  to  these  plants,  and  I  may 
here  give  a  brief  abstract  of  my  observations.  Several  plants 
belonging  to  distinct  orders  present  two  forms,  which  exist 
in  about  equal  numbers,  and  which  diflfer  in  no  respect  except 
in  their  reproductive  organs ;  one  form  having  a  long  pistil 
with  short  stamens,  the  other  a  short  pistil  with  long 
stamens ;  both  with  differently  sized  pollen-grains.  AVith 
trimorphic  plants  there  are  three  forms  likewise  differing  in 
the  lengths  of  their  pistils  and  stamens,  in  the  size  and  colour 
of  the  pollen-grains,  and  in  some  other  respects ;  and  as  in 
each  of  the  three  forms  there  are  two  sets  of  stamens,  there 
are  altogether  six  sets  of  stamens  and  three  kinds  of  pistils. 
These  organs  are  so  proportioned  in  length  to  one  another 
that,  in  any  two  of  the  forms,  half  the  stamens  in  each  stand 
on  a  level  with  the  stigma  of  the  third  form.  Now  I  have 
shown,  and  the  result  has  been  confirmed  by  other  observers, 
that,  in  order  to  obtain  full  fertility  with  these  plants,  it  is 
necessary  that  the  stigma  of  the  one  form  should  be  fertilised 
by  pollen  taken  from  the  stamens  of  corresponding  height  in 
the  other  form.  So  that  with  dimorphic  species  two  unions, 
which  may  be  called  legitimate,  are  fully  fertile,  and  two, 
which  may  be  called  illegitimate,  are  more  or  less  infertile. 
With  trimorphic  species  six  unions  are  legitimate,  or  fully 
fertile,  and  twelve  are  illegitimate,  or  more  or  less  infertile.* 

The  infertility  which  may  be  observed  in  Yarious  dimorphic 

•  My  ohserrations    *0q  the    Cha-  .  Linnean  Soc,' vol.  x.  p.  393.       The 

racier  and  hybrid-like  nature  of  the  abstract   here    given    is   nearly   the 

offspring  from  the  illegitimate  union  same  with  that  which   appeared   in 

of  Dimorphic  and  Trimorphic  Plants  •  the   6th   edition   of   my   'Origin   of 

were  publiihed  in  the  *  Journal  of  the  Species.' 
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and  trimorphic  plants,  when  illegitimately  fertilised,  that  is, 
by  pollen  taken  from  stamens  not  corresponding  in  height 
with  the  pistil,  differs  much  in  degree,  up  to  absolute  and 
utter  sterility ;  just  in  the  same  manner  as  occurs  in  crossing 
distinct  species.  As  the  degree  of  sterility  in  the  latter  case 
depends  in  an  eminent  degree  on  the  conditions  of  life  being 
more  or  less  favourable,  so  I  have  found  it  with  illegitimato 
unions.  It  is  well  known  that  if  pollen  of  a  distinct  species 
be  placed  on  the  stigma  of  a  flower,  and  its  own  pollen  be 
afterwards,  even  after  a  considerable  interval  of  time,  placed 
on  the  same  stigma,  its  action  is  so  strongly  prepotent  that  it 
generally  annihilates  the  effect  of  the  foreign  pollen ;  so  it  is 
with  the  pollen  of  the  several  forms  of  the  same  species,  for 
legitimate  pollen  is  strongly  prepotent  over  illegitimate 
pollen,  when  both  are  placed  on  the  same  stigma.  I  ascer- 
tained this  by  fertilising  several  flowers,  first  illegitimately, 
and  twenty-four  hours  afterwards  legitimately,  with  pollen 
taken  from  a  peculiarly  coloured  variety,  and  all  the  seedlings 
were  similarly  coloured;  this  showa  that  the  legitimate 
pollen,  though  applied  twenty-four  hours  subsequently,  had 
wholly  destroyed  or  prevented  the  action  of  the  previously 
applied  illegitimate  pollen.  Again,  as,  in  making  reciprocal 
crosses  between  the  same  two  species,  there  is  occasionally  a 
great  difference  in  the  result,  so  the  same  thing  occurs  with 
trimorphic  plants;  for  instance,  the  mid-styled  form  of 
Lythrum  salicaria  could  bo  illegitimately  fertilised  with  the 
greatest  ease  by  pollen  from  the  longer  stamens  of  the  short- 
styled  form,  and  yielded  many  seeds  ;  but  the  short-styled  form 
did  not  yield  a  single  seed  when  fertilised  by  the  longer 
stamens  of  the  mid-styled  form. 

In  all  these  respects  the  forms  of  the  same  undoubted 
species,  when  illegitimately  united,  behave  in  exactly  the 
same  manner  as  do  two  distinct  species  when  crossed.  This 
led  mo  carefully  to  observe  during  four  years  many  seedlings, 
raised  from  several  illegitimate  unions.  The  chief  result  is 
that  these  illegitimato  plants,  as  they  may  be  called,  are  not 
fully  fertile.  It  is  possible  to  raise  from  dimorphic  species, 
both  long-styled  and  short-styled  illegitimate  plants,  and 
from  trimorphic  plants  all  three  illegitimate  forms,     llieso 
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can  then  be  properly  united  in  a  legitimate  manner.  AVhen 
this  is  done,  there  is  no  apparent  reason  why  they  should 
not  yield  as  many  seeds  as  did  their  parents  when  legiti- 
mately fertilised.  But  such  is  not  the  case ;  they  are  all 
infertile,  but  in  various  degrees ;  some  being  so  utterly  and 
incurably  sterile  that  they  did  not  yield  during  four  seasons 
a  single  seed  or  even  seed-capsule.  These  illegitimate  plants, 
which  are  so  sterile,  although  united  with  each  other  in  a 
legitimate  manner,  may  be  strictly  compared  with  hybrids 
when  crossed  inter  «e,  and  it  is  well  known  how  sterile  these 
latter  generally  are.  When,  on  the  other  hand,  a  hybrid  is 
crossed  with  either  pure  parent-species,  the  sterility  is  usually 
much  lessened :  and  so  it  is  when  an  illegitimate  plant  is 
fertilised  by  a  legitimate  plant.  In  the  same  manner  as  the 
sterility  of  hybrids  does  not  always  run  parallel  with  the 
difficulty  of  making  the  first  cross  between  the  two  parent- 
species,  so  the  sterility  of  certain  illegitimate  plants  was 
unusually  great,  whilst  the  sterility  of  the  union  from  which 
they  were  derived  was  by  no  means  great.  With  hybrids 
raised  from  the  same  seed-capsule  the  degree  of  sterility  is 
innately  variable,  so  it  is  in  a  marked  manner  with  illegiti- 
mate plants.  Lastly,  many  hybrids  are  profuse  and  persistent 
flowerers,  whilst  other  and  more  sterile  hybrids  produce  few 
flowers,  and  are  weak,  miserable  dwarfs;  exactly  similar 
cases  occur  with  the  illegitimate  offspring  of  various  dimorphic 
and  trimorphic  plants. 

Although  there  is  the  closest  identity  in  character  and 
behaviour  between  illegitimate  plants  and  hybrids,  it  is 
hardly  an  exaggeration  to  maintain  that  the  former  are 
hybrids,  but  produced  within  the  limits  of  the  same  species 
by  the  improper  union  of  certain  forms,  whilst  ordinary 
hybrids  are  produced  from  an  improper  union  between  so- 
called  distinct  species.  AVe  have  already  seen  that  there  is 
the  closest  similarity  in  all  respects  between  first  illegitimate 
unions,  and  first  crosses  between  distinct  species.  This  will 
perhaps  be  made  more  fully  apparent  by  an  illustration  :  we 
may  suppose  that  a  botanist  found  two  well-marked  varieties 
(and  such  occur)  of  the  long-styled  form  of  the  trimorphic 
Lyihrum  Bolicaria,  and  that  he  determined  to  try  by  croeslng 
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whether  they  were  specifically  distinct.  He  would  find  that 
they  yielded  only  about  one-fifth  of  the  proper  number  of 
seed,  and  that  they  behaved  in  all  the  other  aboTe-specified 
respects  as  if  they  had  been  two  distinct  species.  But  to 
make  the  case  sure,  ho  would  raise  plants  from  his  suppoeed 
hybridised  seed,  and  he  would  find  that  the  seedlings  were 
miserably  dwarfed  and  utterly  sterile,  and  that  they  behaved 
in  all  other  respects  like  ordinary  hybrids.  He  might  then 
maintain  that  he  had  actually  proved,  in  accordance  with  the 
common  view,  that  his  two  varieties  were  as  good  and  as 
distinct  si>ccies  as  any  in  the  world ;  but  he  would  be  com- 
pletely mistaken. 

The  facts  now  given  on  dimorpliic  and  triraorphic  plants 
are  important,  lx?cause  they  show  us,  first,  that  the  physio- 
logical test  of  lessened  fertility,  both  in  first  crosses  and  in 
hybrids,  is  no  criterion  of  specific  distinction ;  secondly, 
because  we  may  conclude  that  there  is  some  unknol^^l  bond 
which  connects  the  infertility  of  illegitimate  unions  with  that 
of  their  illegitimate  offspring,  and  we  are  led  to  extend  the 
same  view  to  first  crosses  and  hybrids ;  thirdly,  because  we 
find,  and  this  seems  to  me  of  especial  importance,  that  two  or 
three  forms  of  the  same  species  may  exist  and  may  difTer  in  no 
respect  whatever,  either  in  structure  or  in  constitution, 
relativel}'-  to  external  conditions,  and  yet  be  sterile  when 
united  in  certain  ways.  For  we  must  remember  that  it  is 
the  union  of  the  sexual  elements  of  individuals  of  the  same 
form,  for  instance,  of  two  long-styleil  forms,  which  results  in 
sterility  ;  whilst  it  is  the  union  of  the  sexual  element  proper 
to  two  distinct  forms  which  is  fertile.  Hence  the  case  appears 
at  first  sight  exactly  the  reverse  of  what  occurs  in  the 
ordinary  unions  of  the  individuals  of  the  same  species,  and 
with  crosses  between  distinct  species.  It  is,  however,  doubt- 
ful whether  this  is  really  so ;  but  I  will  not  enlarge  on  this 
obscure  subject. 

We  may,  however,  infer  as  probable  from  the  consideration 
of  dimorphic  and  trimorphic  plants,  that  the  sterility  of  dis- 
tinct species  when  crossed,  and  of  their  hybrid  progeny, 
depends  exclusively  on  the  nature  of  their  sexual  elements, 
and  not  on  any  difference  in  their  stmcture  or  general  con- 
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stitution.  We  are  also  led  to  this  same  couclusion  by  con- 
sidering reciprocal  crosses,  in  which  the  male  of  one  species 
cannot  he  united,  or  only  with  great  difficulty,  with  the 
female  of  a  second  species,  whilst  the  converse  cross  can  be 
effected  with  perfect  facility.  That  excellent  observer,  Gartner, 
likewise  concluded  that  species  when  crossed  are  sterile  owing 
to  differences  confined  to  their  reproductive  systems. 

On  the  principle  which  makes  it  necessary  for  man,  whilst 
he  is  selecting  and  improving  his  domestic  varieties,  to  keep 
them  separate,  it  would  clearly  bo  advantageous  to  varieties 
in  a  state  of  nature,  that  is  to  incipient  species,  if  they  could 
be  kept  from  blending,  either  through  sexual  aversion,  or  by 
becoming  mutually  sterile.  Hence  it  at  one  time  appeared  to 
me  probable,  as  it  has  to  others,  that  this  sterility  might  have 
been  acquired  through  natural  selection.  On  this  view  we 
must  suppose  that  a  shade  of  lessened  fertility  first  spon- 
taneously appeared,  like  any  other  modification,  in  certain 
individuals  of  a  species  when  crossed  with  other  individuals 
of  the  same  species;  and  that  successive  slight  degrees  of 
infertility,  from  being  advantageous,  were  slowly  accumulated. 
This  appears  all  the  more  probable,  if  we  admit  that  the 
structural  differences  between  the  forms  of  dimorphic  and 
trimorphic  plants,  as  the  length  and  curvature  of  the  pistil, 
Ac,  have  been  co-adapted  through  natural  selection ;  for  if 
this  be  admitted,  we  can  hardly  avoid  extending  the  same 
conclusion  to  their  mutual  infertility.  Sterility,  moreover,  has 
been  acquired  through  natural  selection  for  other  and  widely 
different  purposes,  as  with  neuter  insects  in  reference  to  their 
social  economy.  In  the  case  of  plants,  the  flowers  on  the 
circumference  of  the  truss  in  the  guelder-rose  {Vibumum 
opulus)  and  those  on  the  summit  of  the  spike  in  the  feather- 
hyacinth  (Mtiscari  comosum)  have  been  rendered  conspicuous, 
and  apparently  in  consequence  sterile,  in  order  that  insects 
might  easily  discover  and  visit  the  perfect  flowers.  But 
when  we  endeavour  to  apply  the  principle  of  natural  selection 
to  the  acquirement  by  distinct  species  of  mutual  sterility,  wo 
meet  with  great  difficulties.  In  the  first  place,  it  may  be 
remarked  that  separate  regions  are  often  inhabited  by  groups 
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of  species  or  by  single  species,  which  when  brought  together 
and  crossed  are  found  to  be  more  or  less  sterile ;  now  it  could 
clearly  have  been  no  advantage  to  such  separated  species  to 
have  been  rendered  mutually  sterile,  and  consequently  this 
could  not  have  been  effected  through  natural  selection ;  bnt 
it  may  perhaps  be  argued,  that,  if  a  species  were  rendered 
sterile  with  some  one  compatriot,  sterility  with  other  species 
would  follow  as  a  necessary  consequence.  In  the  second 
place,  it  is  as  much  opposed  to  the  theory  of  natural  selection, 
as  to  the  theory  of  special  creation,  that  in  reciprocal  crosses 
the  male  element  of  one  form  should  have  been  rendered 
utterly  impotent  on  a  second  form,  whilst  at  the  same  time 
the  male  element  of  this  second  form  is  enabled  freely  to 
fertilise  the  first  form ;  for  this  peculiar  state  of  the  repro- 
ductive system  could  not  possibly  have  been  advantageous 
to  either  species. 

In  considering  the  probability  of  natural  selection  having 
come  into  action  in  rendering  species  mutually  sterile,  one 
of  the  greatest  difficulties  will  be  found  to  lie  in  the  existence 
of  many  graduated  steps  from  slightly  lessened  fertility  to 
absolute  sterility.  It  may  be  admitted,  on  the  principle 
above  explained,  that  it  would  profit  an  iucipient  species  if  it 
were  rendered  in  some  slight.degree  sterile  when  crossed  with 
its  parent- form  or  with  some  other  variety ;  for  thus  fewer 
bastardised  and  deteriorated  offspring  would  bo  produced  to 
commingle  their  blood  with  the  new  species  in  process  of 
formation.  But  he  who  will  take  the  trouble  to  reflect  on  the 
steps  by  which  this  first  degree  of  sterility  could  be  increased 
through  natural  selection  to  that  higher  degree  which  is 
common  to  so  many  species,  and  which  is  universal  with 
species  which  have  been  differentiated  to  a  generic  or  family 
rank,  will  find  the  subject  extraordinarily  complex.  After 
mature  reflection  it  seems  to  me  that  this  could  not  have  been 
effected  through  natural  selection.  Take  the  case  of  any  two 
species  which,  when  crossed,  produce  few  and  sterile  ofl&pring ; 
now,  what  is  there  which  could  favour  the  survival  of  those 
individuals  which  happened  to  be  endowed  in  a  slightly 
higher  degree  with  mutual  infertility,  and  which  thus 
approached   by  one  small   step   towards  absolute  sterility  ? 
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Yet  an  advanco  of  this  kind,  if  the  theory  of  natural  selection 
be  brought  to  boar,  must  have  incessantly  occurred  with 
many  species,  for  a  multitude  are  mutually  quite  barren. 
With  sterilb  neuter  insects  we  have  reason  to  believe  that 
modifications  in  their  structure  and  fertility  have  been  slowly 
accumulated  by  natural  selection,  from  an  advantage  having 
been  thus  indirectly  given  to  the  community  to  which  they 
belonged  over  other  communities  of  the  same  species ;  but  an 
individual  animal  not  belonging  to  a  social  community,  if 
rendered  slightly  sterile  when  crossed  with  some  other  variety, 
would  not  thus  itself  gain  any  advantage  or  indirectly  give 
any  advantage  to  the  other  individuals  of  the  same  variety, 
thiJs  leading  to  their  preservation. 

But  it  would  be  superfluous  to  discuss  this  question  in 
detail ;  for  with  plants  we  have  conclusive  evidence  that  the 
sterility  of  crossed  species  must  be  due  to  some  principle, 
quite  independent  of  natural  selection.  Both  Gartner  and 
Kolreuter  have  proved  that  in  general  including  numerous 
species,  a  series  can  be  foimed  from  species  which  when  crossed 
yield  fewer  and  fewer  seeds,  to  species  which  never  produce  a 
single  seed,  but  yet  are  affected  by  the  pollen  of  certain  other 
species,  for  the  germen  swells.  It  is  here  manifestly  im- 
possible to  select  the  more  sterile  individuals,  which  have 
already  ceased  to  yield  seeds ;  so  that  this  acme  of  sterility, 
when  the  germen  alone  is  affected,  cannot  have  been  gained 
through  selection ;  and  from  the  laws  governing  the  various 
grades  of  sterility  being  so  uniform  throughout  the  animal 
and  vegetable  kingdoms,  we  may  infer  that  the  cause,  what- 
ever it  may  be,  is  the  same  or  nearly  the  same  in  all  cases. 

As  species  have  not  been  rendered  mutually  infertile 
through  the  accumulative  action  of  natural  selection,  and  as 
we  may  safely  conclude,  from  the  previous  as  well  as  from 
other  and  more  general  considerations,  that  they  have  not 
been  endowed  through  an  act  of  creation  with  this  quality, 
we  must  infer  that  it  has  arisen  incidentally  during  their  slow 
formation  in  connection  with  other  and  unknown  changes  in 
their  organisation.  By  a  quality  arising  incidentally,  I  refer 
to  such  cases  as  different  species  of  animals  and  plants  being 
differently  affected  by  poisons  to  which  they  are  not  naturally 
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ex|>c«ed ;  and  this  difference  in  sasceptibilitj  is  dearlj  in- 
cidental on  other  and  unknown  differences  in  their  organiaa- 
tioD.  So  again  the  capcudtj  in  different  kinds  of  trees  to  be 
grafted  on  each  other,  or  on  a  third  species,  difers  much,  and 
is  of  no  advantage  to  these  trees,  bnt  is  incidental  on  stmc- 
inral  or  functional  differences  in  their  woodv  tissnes.  We 
need  not  feel  sorprise  Ht  sterility  inddentallj  resulting  from 
crosses  between  distinct  spedes, — the  modified  descendants  of 
a  common  progenitor, — when  we  bear  in  mind  how  easUy  the 
reproductive  system  is  affected  by  various  causes — often  by 
extremely  slight  changes  in  the  conditions  of  life,  by  too  cloee 
interbreeding,  and  by  other  agencies.  It  is  well  to  bear  in 
mind  fiuch  cases  as  that  of  the  Passijlcra  alatOj  which  re- 
covered its  self-fertility  from  being  grafted  on  a  distinct 
species^ the  cases  of  plants  which  normally  or  abnormally 
are  self-impotent,  but  can  readily  be  fertilifed  by  the  pollen 
of  a  distinct  species — and  lastly  the  cases  of  individual 
domesticated  animals  which  evince  towards  each  other  sexual 
incompatibility. 

We  now  at  last  conic  to  the  immediate  point  under  dis- 
cussion :  how  is  it  that,  with  some  few  exceptions  in  the  case 
of  plants,  domesticated  varieties,  such  as  those  of  the  dog,  fowl, 
pi gC'<jn,  several  fruit-trees,  and  culinary  vegetables,  which  differ 
from  f^a^'h  other  in  external  characters  more  than  many  species, 
arc  j)erfectly  fertile  when  crossed,  or  even  fertile  in  excess, 
whilst  closely  allied  species  are  almost  invariably  in  some 
degree  sterile?  AVo  can,  to  a  certain  extent,  give  a  satisfac- 
tory answer  to  this  question.  Passing  over  the  fact  that  the 
amount  <;f  external  difference  between  two  species  is  no  sure 
guide  to  their  degree  of  mutual  sterility,  so  that  similar  differ- 
ence's in  the  case  of  varieties  would  bo  no  sure  guide,  wo  know 
that  with  si)ecies  the  cause  lies  exclusively  in  differences  in 
their  sexual  constitution.  Now  the  conditions  to  which 
domesticated  animals  and  cultivated  plants  have  been  sub- 
jected have  had  so  little  tendency  towards  modifying  tho 
reproductive  system  in  a  manner  leading  to  mutual  sterility, 
tliat  we  have  very  good  grounds  for  admitting  the  directly 
opposite  doctrine  of  Pallas,   namely,  that  such  conditions 
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generally  eliminate  this  tendency ;  so  that  the  domesticated 
descendants  of  species,  which  in  their  natural  state  would 
have  been  in  some  degree  sterile  when  crossed,  become 
I^rfectly  fertile  together.  With  plants,  so  far  is  cultivation 
from  giving  a  tendency  towards  mutual  sterility,  that  in 
several  well  -  authenticated  cases,  already  often  alluded  to, 
certain  species  have  been  affected  in  a  very  different  manner, 
for  they  have  become  self-impotent,  whilst  still  retaining  the 
capacity  of  fertilising,  and  being  fertilised  by,  distinct  species. 
If  the  Pallasian  doctrine  of  the  elimination  of  sterility  through 
long-continued  domestication  be  admitted,  and  it  can  hardly 
be  rejected,  it  becomes  in  the  highest  degree  improbable  that 
eiinilar  circumstances  should  commonly  both  induce  and 
eliminate  the  same  tendency ;  though  in  certain  cases,  with 
Hpecies  having  a  peculiar  constitution,  sterility  might  occa- 
sionally bo  thus  induced.  Thus,  as  I  believe,  we  can  under- 
stand why  with  domesticated  animals  varieties  have  not  been 
produced  which  are  mutually  sterile ;  and  why  with  plants 
only  a  few  such  cases  have  been  observed,  namely,  by  Gartner, 
with  certain  varieties  of  maize  and  verbascum,  by  other  ex- 
perimentalists with  varieties  of  the  gourd  and  melon,  and  by 
Kolreuter  with  one  kind  of  tobacco. 

With  respect  to  varieties  which  have  originated  in  a  state 
of  nature,  it  is  almost  hopeless  to  expect  to  prove  by  direct 
evidence  that  they  have  been  rendered  mutually  sterile ;  for  if 
even  a  trace  of  sterility  could  be  detected,  such  varieties  would 
at  once  be  raised  by  almost  every  naturalist  to  the  rank  of 
distinct  species.  If,  for*  instance,  Gartner's  statement  were 
fully  confirmed,  that  the  blue  and  rod -flowered  forms  of  the 
pimpernel  {Anagallia  arvensis)  are  sterile  when  crossed,  I  pre- 
sume that  all  the  botanists  who  now  maintain  on  various 
grounds  that  these  two  forms  are  merely  fleeting  varieties, 
would  at  once  admit  that  they  were  specifically  distinct. 

The  real  difficulty  in  our  present  subject  is  not,  as  it  appears 
to  me,  why  domestic  varieties  have  not  become  mutually  in- 
fertile when  crossed,  but  why  this  has  so  generally  occurred 
with  natural  varieties  as  soon  as  they  have  been  modified  in  a 
sufficient  and  jKjrmanent  degree  to  take  rank  as  species.  AVo 
are  far  from  i)recisely  knowing  the  cause ;   but  we  can  see 
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that  the  Bpeciejs,  owing  to  their  struggle  for  existence  with 
numerous  competitors,  must  have  been  exposed  to  more  uni- 
form conditions  of  life  during  long  periods  of  time  than 
domestic  varieties  have  been,  and  this  may  well  make  a' 
wide  difference  in  the  result.  For  we  know  how  commonly 
wild  animals  and  plants,  when  taken  from  their  natural 
conditions  and  subjected  to  captivity,  are  rendered  sterile ; 
and  the  reproductive  functions  of  organic  beings  which  have 
always  lived  and  been  slowly  modified  under  natural  con- 
ditions would  probably  in  like  manner  be  eminently  sensitive 
to  the  influence  of  an  unnatural  cross.  Domesticated  pro- 
ductions, on  the  other  hand,  which,  as  shown  by  the  mere  fact 
of  their  domestication,  were  not  originally  highly  sensitive 
to  changes  in  their  conditions  of  life,  and  which  can  now 
generally  resist  with  undiminished  fertility  repeated  changes 
of  conditions,  might  be  expected  to  produce  varieties,  which 
would  be  little  liable  to  have  their  reproductive  powers  inju- 
riously affected  by  the  act  of  crossing  with  other  varieties 
which  had  originated  in  a  like  manner. 

Certain  naturalists  have  recently  laid  too  great  stress,  as  it 
appears  to  me,  on  the  difference  in  fertility  between  varieties 
and  species  when  crossed.  Some  allied  species  of  trees  cannot 
be  grafted  on  one  another,  whilst  all  varieties  can  be  so 
grafted.  Some  allied  animals  are  affected  in  a  very  different 
manner  by  the  same  poison,  but  with  varieties  no  such  cjuso 
until  recently  was  known ;  whilst  now  it  has  been  proved  that 
immunity  from  certain  poisons  sometimes  stands  in  correla- 
tion with  the  colour  of  the  individnals  of  the  same  species. 
The  period  of  gestation  generally  differs  much  in  distinct 
species,  but  with  varieties  until  lately  no  such  difference  had 
been  observed.  Here  we  have  various  physiological  differences, 
and  no  doubt  others  could  be  added,  between  one  species  and 
another  of  the  same  genus,  which  do  not  occur,  or  occur  with 
extreme  rarity,  in  the  case  of  varieties ;  and  these  differences 
are  apparently  wholly  or  in  chief  part  incidental  on  other 
constitutional  differences,  just  in  the  same  manner  as  the 
sterility  of  crossed  species  is  incidental  on  differences  confined 
to  the  sexual  sj'stem.  Why,  then,  should  these  latter  differ- 
ences, however  serviceable  they  may  indirectly"  be  in  keeping 
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the  inhabitants  of  the  same  country  distinct,  be  thought  of 
such  paramount  importance,  in  comparison  with  other  inci- 
dental and  functional  differences  ?  No  sufficient  answer  to 
this  question  can  be  given.  Hence  the  fact  that  widely 
distinct  domestic  varieties  are,  with  rare  exceptions,  perfectly 
fertile  when  crossed,  and  produce  fertile  offspring,  whilst 
closely  allied  species  are,  with  rare  exceptions,  more  or  less 
sterile,  is  not  nearly  so  formidable  an  objection  as  it  appears 
at  first  to  the  theory  of  the  common  descent  of  allied  species. 
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CHAPTER  XX. 

SELECTION   BY   MAN. 

SELECTION  A  DIFFICULT  ART — METHODICAL,  UNCONSCIOUS,  AND  NATCHAL 
SELECTION — RESULTS  OF  METHODICAL  SELECTION — CARE  TAKEN  IN  SE- 
LECTION—  SELECTION  WITH  PLANTS — SELECTION  CARRIED  ON  BY  THB 
ANCIENTS  AND  BY  SEMI-CIVILISED  PEOPLE — UNIMPORTANT  CHARACTERS 
OFTEN  ATTENDED  TO  —  UNCONSCIOUS  SELECTION  —  AS  CIRCUMSTAN0B8 
SLOWLY  CHANGE,  SO  HAVE  OUR  DOMESTICATED  ANIMALS  CHANGED 
THROUGH  THE  ACTION  OF  UNCONSCIOUS  SELECTION  —  INFLUENCE  OF 
DIFFERENT  BREEDERS  ON  THE  SAME  SUB-YARIETT — PLANTS  A8  AFFECTED 
BY  UNCONSCIOUS  SELECTION — EFFECTS  OF  SELECTION  AS  SHOWN  BY  THE 
GREAT  AMOUNT  OF  DIFFERENCE  IN  THE  PARTS  MOST  VALUED  BY  MAN. 

TiiK  power  of  Selection,  whether  exercised  by  man,  or  bronght 
into  play  under  nature  through  the  struggle  for  existence  and 
the  consequent  survival  of  the  fittest,  absolutely  depends  on 
the  variability  of  organic  beings.  Without  variability 
nothing  can  be  cfTected;  slight  individual  diflferences,  how- 
ever, suffice  for  the  work,  and  arc  probably  the  chief  or  sole 
means  in  the  production  of  new  species.  Hence  our  dis- 
cussion on  the  causes  and  laws  of  variability  ought  in  strict 
order  to  have  preceded  the  present  subject,  as  well  as  inheri- 
tance, crossing,  &c. ;  but  practically  the  present  arrange- 
ment has  been  found  the  most  convenient.  Man  does  not 
attempt  to  cause  variability ;  though  he  unintentionally  effects 
this  by  exposing  organisms  to  new  conditions  of  life,  and  by 
crossing  breeds  already  formed.  But  variability  being  granted, 
ho  works  wonders.  Unless  some  degree  of  selection  be  exer- 
cised, the  free  commingling  of  the  individuals  of  the  same 
variety  soon  obliterates,  as  wo  have  previously  seen,  the 
slight  differences  which  arise,  and  gives  uniformity  of  cha- 
racter to  the  whole  body  of  individuals.  In  separated 
districts,  h)ng-con tinned  exposure  to  different  conditions  of 
life  may  produce  new  races  without  the  aid  of  selection  ;  but 
to  this  subject  of  the  direct  action  of  the  conditions  of  life 
I  shall  recur  in  a  future  chapter. 
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When  animals  or  plants  are  bom  with  some  conspicuous 
and  firmly  inherited  new  character,  selection  is  reduced  to  the 
preservation  of  such  individuals,  and  to  the  subsequent  pre- 
vention of  crosses  ;  so  that  nothing  more  need  be  said  on  the 
Kiihject.  But  in  the  great  majority  of  cases  a  new  character, 
or  some  superiority  in  an  old  character,  is  at  first  faintly 
pronounced,  and  is  not  strongly  inherited  ;  and  then  the  full 
difficulty  of  selection  is  experienced.  Indomitable  patience, 
the  finest  powers  of  discrimination,  and  sound  judgment  must 
bo  exercised  during  many  years.  A  clearly  predetermined 
object  must  be  kept  steadily  in  view.  Few  men  are  endowed 
with  all  these  qualities,  especially  with  that  of  discriminating 
very  slight  differences ;  judgment  can  be  acquired  only  by 
long  experience ;  but  if  any  of  these  qualities  be  wanting, 
the  labour  of  a  life  may  bo  thrown  away.  I  have  been 
astonished  when  celebrated  breeders,  whose  skill  and  judg- 
ment have  been  proved  by  their  success  at  exhibitions,  have 
shown  me  their  animals,  which  appeared  all  alike,  and  have 
assigned  their  reasons  for  matching  this  and  that  individual. 
The  importance  of  the  great  principle  of  Selection  mainly  lies 
in  this  power  of  selecting  scarcely  appreciable  differences, 
which  nevertheless  are  found  to  be  transmissible,  and  which 
can  bo  accumulated  until  the  result  is  made  manifest  to  the 
eyes  of  every  beholder. 

The  principle  of  selection  may  be  conveniently  divided  into 
three  kinds.  Methodical  selection  is  that  which  guides  a  man 
who  systematically  endeavours  to  modify  a  breed  according  to 
some  predetermined  standard.  Unconscious  selection  is  that 
which  follows  from  men  naturally  preserving  the  most  valued 
and  destroying  the  less  valued  individuals,  without  any 
thought  of  altering  the  breed ;  and  undoubtedly  this  process 
slowly  works  great  changes.  Unconscious  selection  graduates 
into  methodical,  and  only  extreme  cases  can  be  distinctly 
boparated ;  for  he  who  preserves  a  useful  or  perfect  animal 
will  generally  breed  from  it  with  the  hope  of  getting  offspring 
of  the  same  character ;  but  as  long  as  he  has  not  a  prede- 
termined purpose  to  improve  the  breed,  he  may  be  said  to  be 
selecting  unconsciously.^     Lastly,  we  have  Natural  selection, 

*  The  term  unconscious  selection  has  been  objected  to  as  a  contradiction*, 
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wh5cxL  implies  tc^t  tiie  izaiLTiiiBaui  wiiica.  are  lot  fitted  lor 
th&  coQLpLex,  ikzti  rn  tcit  ccizi9&  of  a^^s  ^'ran-gfrg  oocditMiis  to 
wLi«:ii.  th^j  »r%  eipraaL  z'3ii=rallj  sJirri-rt  arui  prxresle  their 
kxniL  WicL  •ii-.m^stif  rr:*iTic^-c&.  =amrxl  aeLectioii  enB£s  to 
a  certain  exien*  nLt»>  acdfiti,  rz.'Ltri:«i»iai^lT  of.  aai  erea  in 
oppc^itiijii  u>.  the  will  of  man- 


Med^jdioal  SeUxtim. — WIiac  niazi  h^A  ejected  witiuii  recent 
times  in  England  bj  m^tihudical  ceLectfoa  is  dieariT  shown  bj 
Oior  exhiliitiofLa  of  improved  quadrapeds  an*!  £uict  birda. 
With  respect  to  cattle,  sheep^  and  pi^  we  owe  their  great 
improvement  to  a  long  series  ol  well-known  names — Bake- 
well,  Colling.  Kiiman.  Bates^  Jonas  Webbv  Lords  Leicester 
and  Western,  Fi^Ler  Hobba.  and  others.  Agricnltnnl  writers 
are  nnanimons  on  the  pjwer  of  selection :  anv  number  of 
statements  to  this  effect  o>nId  lie  qa«jted ;  a  few  will  suffice. 
Yonatt,  a  sagacions  and  experienced  oleerrer,  writes,^  the 
principle  of  selection  is  **  that  which  enables  the  agricnl- 
tariiit,  not  onlv  to  m«xlify  the  character  of  his  flock,  bat  to 
change  it  altogether."  A  great  breeder  of  Shorthorns  *  says, 
'*  In  the  anatomj  of  the  shoulder  modem  breeders  have  made 
•*  great  improvement  on  the  Ketton  shorthorns  by  correcting 
^  the  defect  in  the  knuckle  or  shonlder-joint,  and  by  laying 
the  t/^p  of  the  shoulder  more  snugly  in  the  crop,  and  thereby 

filling  np  the   hollow  behind   it The  eye  has  its 

fashion  at  different  periods :  at  one  time  the  eye  high  and 
outstanding  from  the  head,  and  at  another  time  the  sleepy 
'  eye  sn nk  into  the  head ;  bnt  these  extremes  have  merged 

•  into  the  medium  of  a  fuD,  clear  and  prominent  eye  with  a 
pla^.'id  hxik." 

Again,  hear  what  an  excellent  judge  of  pigs*  says :  **  The 

•  legs  should  be  no  longer  than  just  to  prevent  the  animal^s 
*•  belly  from  trailing  on  the  ground.     The  leg  is  the  least 

b'jt  *r<f  vtmt  eic^llent   obMrrralions  '  *  On  Sheep/ 1838,  p.  60. 

on  thU  h*-%A  by  Prof.  Huiley  (♦  Nat.  »  Mr.    J.     Wright    on    Shorthorn 

Hint.  lU}vi«>w/  Oct.  18^4,  p.  578),  who  Cattle,  in  *  Journal  of  Roral  Agricnlt. 

rwmarku  that  when  the  wind  heaps  Soc.,'  vol.  vii.  pp.  208,  209. 

up    vandwliinef    it  tifU   and   uncon-  *  H.  D.  Richardson  *  On  Pigs,*  1847, 

•nitmnly  ^eUcis  from  the  i^'arel  on  the  p.  44. 

beach  grain*  of  Mnd  of  equal  sise. 
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"  profitable  portion  of  the  hog,  and  we  therefore  require  no 
'*  more  of  it  than  is  absolutely  necessary  for  the  support  of 
"  the  rest."  Let  any  one  compare  the  wild-boar  with  any 
improved  breed,  and  he  will  see  how  cflfectually  the  legs  have 
been  shortened. 

Few  persons,  except  breeders,  are  aware  of  the  systematic 
care  taken  in  selecting  animals,  and  of  the  necessity  of  having 
a  clear  and  almost  prophetic  vision  into  futurity.  Lord 
Spencer's  skill  and  judgment  were  well  known;  and  he 
writes,**  "  It  is  therefore  very  desirable,  before  any  man  oom- 
"  mences  to  breed  either  cattle  or  sheep,  that  he  should  make 
up  his  mind  to  the  shape  and  qualities  he  wishes  to  obtain, 
and  steadily  pursue  this  object."  Lord  Somerville,  in 
speaking  of  the  marvellous  improvement  of  the  New  Leicester 
sheep,  effected  .by  Bake  well  and  his  successors,  says,  "  It 
would  seem  as  if  they  had  first  drawn  a  perfect  form,  and 
then  given  it  life."  Youatt  *  urges  the  necessity  of  annually 
drafting  each  flock,  as  many  animals  will  certainly  degenerate 
'^  from  the  standard  of  excellence  which  the  breeder  has 
established  in  his  own  mind."  Even  with  a  bird  of  such 
little  importance  as  the  canary,  long  ago  (1780-1790)  rales 
were  established,  and  a  standard  of  perfection  was  fixed  ac- 
cording to  which  the  London  fanciers  tried  to  breed  the 
several  sub-varieties.^  A  great  winner  of  prizes  at  the  Pigeon - 
shows,®  in  describing  the  short-faced  Almond  Tumbler,  says, 
''There  are  many  first-rate  fanciers  who  are  particularly 
"  partial  to  what  is  called  the  goldfinch-beak,  which  is  very 
"  beautiful ;  others  say,  take  a  full-size  round  cherry  then 
*'  take  a  barleycorn,  and  judiciously  placing  and  thrusting  it 
"  into  the  cherry,  form  as  it  were  your  beak ;  and  that  is  not 
"  all,  for  it  will  form  a  good  head  and  beak,  provided,  as  I 
"said  before,  it  is  judiciously  done;  others  take  an  oat;  but 
"  as  I  think  the  goldfinch-beak  the  handsomest,  I  would  advifc;e 
**  the  inexperienced  fancier  to  get  the  head  of  a  goldfinch,  and 
"  keep  it  by  him  for  his  observation."     Wonderfully  different 

*  *  Journal  of  Royal  AgricuU.  Soc.,*       vol.  viii.,  1835,  p.  618. 

vol.  i.  p.  24.  '  *  A  treatise  on  the  Art  of  Breed- 

•  « On  Sheep/  pp.  520,  319.  ing  the  Almond  Tumbler,*  1851,  p.  9. 
'  Loudon's   *  Mag.   of  Nat.  Hbt.,' 
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as  are  the  beaks  of  the  rock  pigeon  and  goldfinch,  the  end 
has  undoubtedly  been  nearly  gained,  as  far  as  external  shape 
and  proportions  are  concerned. 

Not  only  should  our  animals  be  examined  with  the  greatest 
care  whilst  alive,  but,  as  Anderson  remarks,^  their  carcases 
should  be  scrutinised,  "  so  as  to  breed  from  the  descendants 
of  such  only  as,  in  the  language  of  the  butcher,  cut  up  well." 
The  "  grain  of  the  meat "  in  cattle,  and  its  being  well  marbled 
with  fat,^°  and  the  greater  or  less  accumulation  of  fat  in  the 
abdomen  of  our  sheep,  have  been  attended  to  with  success. 
So  -wdth  poultry,  a  writer,^ ^  speaking  of  Cochin-China  fowls, 
which  are  said  to  differ  much  in  the  quality  of  their  flesh, 
says,  "  the  best  mode  is  to  purchase  two  young  brother-cocks, 
"  kill,  dress,  and  serve  up  one  ;  if  he  be  indifferent,  similarly 
"  dispose  of  the  other,  and  try  again  ;  if,  however,  he  be  fine 
"  and  well-flavoured,  his  brother  will  not  be  amiss  for  breeding 
**  purposes  for  the  table." 

The  great  principle  of  the  division  of  labour  has  been 
brought  to  bear  on  selection.  In  certain  districts  ^^  "  the 
"  breeding  of  bulls  is  confined  to  a  very  limited  number  of 
**  persons,  who  by  devoting  their  whole  attention  to  this 
**  department,  are  able  from  year  to  year  to  furnish  a  class  of 
"  bulls  which  are  steadily  improving  the  general  breed  of  the 
"  district."  The  rearing  and  letting  of  choice  rams  has  long 
been,  as  is  well  known,  a  chief  source  of  profit  to  several 
eminent  breeders.  In  parts  of  Germany  this  principle  is 
carried  with  merino  sheep  to  an  extreme  point.^^  So  impor- 
"  tant  is  the  proper  selection  of  breeding  animals  considered, 
**  that  the  best  flock-masters  do  not  trust  to  their  own  judg- 
"  ment  or  to  that  of  their  shepherds,  but  employ  persons  called 
"  '  sheep-classifiers,'  w^ho  make  it  their  special  business  to 
"  attend  to  this  j^rt  of  the  management  of  several  fiocks, 
"  and  thus  to  preserve,  or  if  possible  to  improve,  the  best 
"  qualities  of  both  parents  in  the  lambs."    In  Saxony,  "  when 

•  *  Recreations  in  Agriculture/ vol.  A^ricult.     Soc,*    quoted    in    *Gard. 

ii.  p.  409.  Chronicle/  1844,  p.  -29. 

'•  Youatt  on  Cattle,  pp.  191,  227.  "  Simmonds,    quoted     in     *Gard. 

"  Ferguson,  *  Prize  Poultry,*  1854,  Chronicle,'  1855,  p.   637.      And    for 

p.  208.  the  second  quotation,  sec  Yountt  on 

"  Wilson,  in  'Transact,  Highland  Sheep,  p.  171.                             , 


Chap.  XX.  METHODICAL   SELECTION.  181 

**  the  lambs  are  weaned,  each  in  his  turn  is  placed  upon  a 
"  table  that  his  wool  and  form  may  be  minutely  observed. 
"  The  finest  are  selected  for  breeding  and  receive  a  first 
"  mark.  When  they  are  one  year  old,  and  prior  to  shearing 
"  them,  another  close  examination  of  those  previously  marked 
"  takes  place :  those  in  which  no  defect  can  be  found  receive 
*'  a  second  mark,  and  the  rest  are  condemned.  A  few  months 
*'  afterwards  a  third  and  last  scrutiny  is  made ;  the  prime 
"  rams  and  ewes  receive  a  third  and  final  mark,  but  the 
"  slightest  blemish  is  sufficient  to  cause  the  rejection  of  the 
"  animal."  These  sheep  are  bred  and  valued  almost  ex- 
clusively for  the  fineness  of  their  wool ;  and  the  result 
corresponds  with  the  labour  bestowed  on  their  selection. 
Instruments  have  been  invented  to  measure  accurately  the 
thickness  of  the  fibres;  and  "an  Austrian  fleece  has  been 
produced  of  which  twelve  hairs  equalled  in  thickness  one 
from  a  Leicester  sheep." 

Throughout  the  world,  wherever  silk  is  produced,  the 
greatest  care  is  bestowed  on  selecting  the  cocoons  from  which 
the  moths  for  breeding  are  to  be  reared.  A  careful  cultivator^* 
likewise  examines  the  moths  themselves,  and  destroys  those 
that  are  not  perfect.  But  what  more  immediately  concerns 
us  is  that  certain  families  in  France  devote  themselves  to 
raising  eggs  for  sale.^*  In  China,  near  Shanghai,  the  in- 
habitants of  two  small  districts  have  the  privilege  of  raising 
eggs  for  the  whole  surrounding  country,  and  that  they  may 
give  up  their  whole  time  to  this  business,  they  are  interdicted 
by  law  from  producing  silk.^^ 

The  care  which  successful  breeders  take  in  matching  their 
birds  is  surprising.  Sir  John  Sebright,  whose  fame  is  per- 
ixituated  by  the  "  Sebright  Bantam,"  used  to  spend  "  two  and 
tliree  days  in  examining,  consulting,  and  disputing  with  a 
friend  which  were  the  best  of  five  or  six  birds."  "  Mr.  Bult, 
whose  pouter-pigeons  won  so  many  prizes,  and  were  exported 
to  North  America  under  the  charge  of  a  man  sent  on  purpose, 

»*  Robinet,  *  Vers  i  Soie,'   1848,  p.  "  M.  Simon,  in  *  Bull,  dc  la  Soc. 

271.  d*Acclimat./  torn,  ix.,  1862,  p.  221. 

»»  QuatrefagM,  *Lcs    Maladies  du  "  *The  Poultry  Chronicle,' vol.  L, 

Vcr  k  Soie,'  1859,  p.  101.  1854,  p.  607. 
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told  mo  that  he  always  deliberated  for  several  days  beforo  he 
matched  each  pair.  Hence  we  can  understand  the  advioe  of 
an  eminent  fancier,  who  writes,^®  "  I  would  here  particularly 
guard  you  against  having  too  great  a  variety  of  pigeons, 
otherwise  you  will  know  a  little  of  all,  but  nothing  about 
"  one  as  it  ought  to  be  known."  Apparently  it  transcends 
the  power  of  the  human  intellect  to  breed  all  kinds :  "  it 
**  is  possible  that  there  may  be  a  few  fanciers  that  have  a 
"  good  general  knowledge  of  fancy  pigeons ;  but  there  are 
"  many  more  who  labour  under  the  delusion  of  supposing 
"  they  know  what  they  do  not.'*  The  excellence  of  one  sub- 
variety,  the  Almond  Tumbler,  lies  in  the  plumage,  carriage, 
head,  beak,  and  eye ;  but  it  is  too  presumptuous  in  the 
beginner  to  try  for  all  these  points.  The  great  judge  above 
quoted  says,  ^*  There  are  some  young  fanciers  who  are  over- 
**  covetous,  who  go  for  all  the  above  ^ve  properties  at  once ; 
they  have  their  reward  by  getting  nothing."  We  thus  see 
that  breeding  even  fancy  pigeons  is  no  simple  art :  we  may 
smile  at  the  solemnity  of  these  precepts,  but  he  who  laughs 
will  win  no  prizes. 

What  methodical  selection  has  effected  for  our  animals  is 
sufficiently  proved,  as  already  remarked,  by  our  Exhibitions. 
So  greatly  were  the  sheep  belonging  to  some  of  the  earlier 
breeders,  such  as  BakewoU  and  Lord  Western,  changed,  that 
many  persons  could  not  be  persuaded  that  they  had  not  been 
crossed.  Our  pigs,  as  Mr.  Corringham  remarks,^'  during  the 
last  twenty  years  have  undergone,  through  rigorous  selection 
together  with  crossing,  a  complete  metamorphosis.  The  first 
exhibition  for  poultry  was  held  in  the  Zoological  Gardens  in 
1845 ;  and  the  improvement  effected  since  that  time  has  been 
great.  As  Mr.  Bailey,  the  great  judge,  remarked  to  mo,  it 
was  formerly  ordered  that  the  comb  of  the  Spanish  cock 
should  be  upright,  and  in  four  or  five  years  all  good  birds 
had  upright  combs;  it  was  ordered  that  the  Polish  cock 
should  have  no  comb  or  wattles,  and  now  a  bird  thus  fur- 
nished would  be  at  once  disqualified ;   beards  were  ordered, 

*•  J.   M.   EatoD,  *A    Treatise    on       1851,  p.  11. 
Fancj   Pigeons,'    1852,   p.   xiv.,  and  **  *  Journal     Royal     Agricultural 

'  A  Treatise  on  the  Almond  Tumbler,'       Soc.,'  vol.  vi.  p.  22. 
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and  out  of  fifty-seven  pens  lately  (1860)  exhibited  at  the 
Crystal  Palace,  all  had  beards.  80  it  has  been  in  many  other 
cases.  But  in  all  cases  the  judges  order  only  what  is  occa- 
sionally produced  and  what  can  be  improved  and  rendered 
constant  by  selection.  The  steady  increase  in  weight  during 
the  last  few  years  in  our  fowls,  turkeys,  ducks,  and  geese  is 
notorious ;  "  six-pound  ducks  are  now  common,  whereas  four 
pounds  was  formerly  the  average."  As  the  time  required  to 
make  a  change  has  not  often  been  recorded,  it  may  bo 
worth  mentioning  that  it  took  Mr.  ^Vicking  thirteen  years 
to  put  a  clean  white  head  on  an  almond  tumbler's  body, 
"  a  triumph,"  says  another  fancier,  "  of  which  he  may  be 
justly  proud."  ^® 

Mr.  Toilet,  of  Bctley  Hall,  selected  cows,  and  especially 
bulls,  descended  from  good  milkers,  for  the  sole  purpose  of 
improving  his  cattle  for  the  production  of  cheese ;  he  steadily 
tested  the  milk  with  the  lactometer,  and  in  eight  years  he 
increased,  as  I  was  informed  by  him,  the  product  in  propor- 
tion of  four  to  three.  Here  is  a  curious  case  ^^  of  steady  but 
slow  progress,  with  the  end  not  as  yet  fully  attained:  in 
1784  a  race  of  silkworms  was  introduced  into  Fi'ance,  in 
which  one  hundred  in  the  thousand  failed  to  produce  white 
cocoons;  but  now  after  careful  selection  during  sixty-five 
generations,  the  proportion  of  yellow  cocoons  has  been 
reduced  to  thirty-five  in  the  thousand. 

With  plants  selection  has  been  followed  with  the  same 
good  result  as  with  animals.  But  the  process  is  simpler, 
for  plants  in  the  great  majority  of  cases  bear  both  sexes. 
Nevertheless,  with  most  kinds  it  is  necessary  to  take  as  much 
care  to  prevent  crosses  as  with  animals  or  unisexual  plants ; 
but  with  some  plants,  such  as  peas,  this  care  is  not  necessar}'. 
With  all  improved  plants,  excepting  of  course  those  which 
are  propagated  by  buds,  cuttings,  &c.,  it  is  almost  indispen- 
sable to  examine  the  seedlings  and  destroy  those  which 
depart  from  the  proper  type.  This  is  called  **  roguing,"  and 
is,  in  fact,  a  form  of  selection,  like  the  rejection  of  inferior 
animals.       Experienced    horticulturists    and    agriculturists 

"*  Poultry    Chronicle,'    vol.     ii.,  "  Isid.  Geoffroy  St.-HiUire,  *  Hist 

1855,  p.  596.  Nat.  G^n.,*  torn.  iii.  p.  254. 
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incessantly  urge  every  one  to  preserve  the  finest  plants  for 
the  production  of  seed. 

Although  plants  often  present  much  more  conspicuous 
variations  than  animals,  yet  the  closest  attention  is  generally 
requisite  to  detect  each  slight  and  favourable  change.  Mr. 
Masters  relates^  how  "many  a  patient  hour  was  devoted," 
whilst  he  was  young,  to  the  detection  of  differences  in  peas 
intended  for  seed.  Mr.  Bamet^^  remarks  that  the  old  scarlet 
American  strawberry  was  cultivated  for  more  than  a  century 
without  producing  a  single  variety ;  and  another  writer  ob- 
serves how  singular  it  was  that  when  gardeners  first  began 
to  attend  to  this  fruit  it  began  to  vary  ;  the  truth  no  doubt 
being  that  it  had  always  varied,  but  that,  until  slight  vari- 
ations were  selected  and  propagated  by  seed,  no  conspicuous 
result  was  obtained.  The  finest  shades  of  difference  in  wheat 
have  been  discriminated  and  selected  with  almost  as  much 
care  as,  in  the  case  of  the  higher  animals,  for  instance  by 
Col.  Le  Couteur  and  more  especially  by  Major  Hallett. 

It  may  be  worth  while  to  give  a  few  examples  of  method- 
ical selection  with  plants ;  but  in  fact  the  great  improvement 
of  all  our  anciently  cultivated  plants  may  be  attributed  to 
selection  long  carried  on,  in  part  methodically,  and  in  part 
unconsciously.  I  have  shown  in  a  former  chapter  how  the 
weight  of  the  gooseberry  has  been  increased  by  systematic 
selection  and  culture.  The  flowers  of  the  Heartsease  have 
been  similarly  increased  in  size  and  regularity  of  outline. 
AVith  the  Cineraria,  Mr.  Glenny  2*  **  was  bold  enough  when 
"  the  flowers  were  ragged  and  starry  and  ill  defined  in  colour, 
"  to  fix  a  standard  which  was  then  considered  outrageously 
"  high  and  impossible,  and  which,  even  if  reached,  it  was 
"  said,  wo  should  bo  no  gainers  by,  as  it  would  spoil  the 
"  beauty  of  the  flowers.  lie  maintained  that  ho  was  right ; 
"  and  the  event  has  proved  it  to  be  so."  The  doubling  of 
flowers  has  several  times  been  effected  by  careful  selection  : 
the  Kev.  W.  AVilliamson,-^  after  sowing  during  several  years 

*»*  Gardener's    Chron.,*    18j0,    p.  "*  Journal  of  Horticulture,*  18G2, 

198.  p.  369. 

"  *  Transact.  Hort.  Soc.,*  vol.vi.  p.  "  *  Transact.    Hort.  Soc.,' vol.    iv. 

152.  p.  381. 
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seed  of  Anemone  coronaria,  found  a  plant  with  ono  additional 
petal ;  he  sowed  the  seed  of  this,  and  by  perseverance  in  the 
same  course  obtained  several  varieties  with  six  or  seven  rows 
of  petals.  The  single  Scotch  rose  was  doubled,  and  yielded 
eight  good  varieties  in  nine  or  ten  yoars.^^  llie  Canterbury 
boll  (^Campanula  medium)  was  doubled  by  careful  selection  in 
four  generations.^^  In  four  years  Mr.  Buckman,^'*  by  culture 
and  careful  selection,  converted  parsnips,  raised  from  wild 
seed,  into  a  new  and  good  variety.  By  selection  during  a 
long  course  of  years,  the  early  maturity  of  peas  has  been 
hastened  by  between  ten  and  twenty-one  days.^^  A  more 
carious  case  is  offered  by  the  beet  plant,  which  since  its  culti- 
vation in  France,  has  almost  exactly  doubled  its  yield  of 
sugar.  This  has  been  effected  by  the  most  careful  selection  ; 
the  specific  gravity  of  the  roots  being  regularly  tested,  and 
the  best  roots  saved  for  the  production  of  feeed.'^° 

Selection  hy  Ancient  and  Semiciciliscd  People, 

In  attributing  so  much  importance  to  the  selection  of 
animals  and  plants,  it  may  be  objected,  that  methodical  selec- 
tion would  not  have  been  carried  on  during  ancient  times. 
A  distinguished  naturalist  considers  it  as  absurd  to  suppose 
that  semi-civilised  people  should  have  practised  selection  of 
any  kind.  Undoubtedly  the  principle  has  been  systematically 
acknowledged  and  followed  to  a  far  greater  extent  within  the 
last  hundred  years  than  at  any  former  perioil,  and  a  corre- 
sponding result  has  been  gained ;  but  it  would  bo  a  greater 
error  to  suppose,  as  wo  shall  immediately  see,  that  its  impor- 
tance was  not  recognised  and  acted  on  during  the  most  ancient 
times,  and  by  semi-civilised  people.  I  should  premise  that 
many  facts  now  to  bo  given  only  show  that  care  was  taken 
in  breeding;  but  when  this  is  the  case,  selection  is  almost 
sure  to  bo  practised  to  a  certain  extent.  Wo  shall  hereafter 
be  enabled  better  to  judge  how  far  selection,  when  only  occa- 

•^  'Transact.  Hort.  Soc.,*  vol.  iv.  J).  vi.    j).    0«'> ;    Mr.    r.:irn«'s,    iu    *Gard. 

'2SX  Chronicl.','  18U,  p.  470. 

"  Rer.  W.  Bromehead,  in  *Garil.  '•  (iodron,    'Do     rKsinVc,'     1859, 

Chronicle,'  1857,  p.  550.  torn.    ii.    p.    00;    *G:ird.    Chronicle,* 

«•  »Oard.  Chronicle,'  1862,  p.  721.  1854,  \k  '.'58. 

«•  Dr.  Anderson,  in  *  The  Bee,'  vol. 
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fiionally  can-ied  on,  by  a  few  of  the  inhabitants  of  a  oountiy, 
will  slowly  produce  a  great  effect. 

In  a  well-known  passage  in  the  thirtieth  chapter  of  Grencsis, 
rules  are  given  for  influencing,  as  was  then  thought  possible, 
the  colour  of  sheep  ;  and  speckled  and  dark  breeds  are  spoken 
of  as  being  kept  separate.  By  the  time  of  David  the  fleece 
was  likened  to  snow.  Youatt,^^  who  has  discussed  all  the 
passages  in  relation  to  breeding  in  the  Old  Testament,  con- 
cludes that  at  this  early  period  "  some  of  the  best  principles 
of  breeding  must  have  been  steadily  and  long  pursued."  It 
was  ordered,  according  to  Moses,  that  "  Thou  shalt  not  let  thy 
cattle  gender  with  a  diverse  kind ; "  but  mules  were  pur- 
chased,^^  so  that  at  this  early  period  other  nations  must  have 
crossed  the  horse  and  ass.  It  is  said^  that  Erich thonius, 
some  generations  before  the  Trojan  war,  had  many  brood- 
mares, "  which  by  his  care  and  judgment  in  the  choice  of 
stallions  produced  a  breed  of  horses  superior  to  any  in  the 
surrounding  countries."  Homer  (Book  v.)  speaks  of  -Eneas' 
horses  as  bred  from  mares  which  were  put  to  the  steeds  of 
Laomedon.  Plato,  in  his  *  Republic,'  says  to  Glaucus,  **  I  see 
that  you  raise  at  your  house  a  great  many  dogs  for  the  chase. 
Do  you  take  care  about  breeding  and  pairing  them  ?  Among 
animals  of  good  blood,  are  there  not  always  some  which  are 
superior  to  the  rest?"  To  which  Glaucus  answers  in  the 
aflirmative.^*  Alexander  the  Great  selected  the  finest  Indian 
cattle  to  send  to  Macedonia  to  improve  the  breed. ^*  Acccord- 
ing  to  Pliny,^^  King  P^Trhus  had  an  especially  valuable 
breed  of  oxen :  and  he  did  not  suffer  the  bulls  and  cows  to 
come  together  till  four  years  old,  that  the  breed  might  not 
degenerate.  Virgil,  in  his  Georgics  (lib.  iii.),  gives  as  strong 
advice  as  any  modern  agriculturist  could  do,  carefully  to  select 
the  breeding  stock ;  "to  note  ihe  tribe,  the  lineage,  and  the 
sire;  whom  to  reserve  for  husband  of  the  herd;*' — to  brand 
the  progeny;— to  select  sheep  of  the  purest  white,  and  tj 
examine  if  their  tongues  are  swarthy.     ^Ve  have  seen  that  tlio 

"  On  Sheep,  p.  18.  M  Dr.  Dally,  translate-!  in '  Anthro- 

"  Volz,  '  Beitriige  ziir  Kulturge-  pological  Review,'  Mav  1864,  p.  101. 

•chichte,'  18o2,  s.  47.  a*  VoU,  *  Beitriigc,*'  &c.,   1852,  ■. 

"  Mitford's   *  History  of   Greece,'  80. 

vol.  i.  p.  73.  »'  « History  of  the  World,*  ch.  45. 
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Homans  kept  pedigrees  of  their  pigeons,  and  this  would  have 
been  a  senseless  proceeding  had  not  great  care  been  taken  in 
breeding  them.  Columella  gives  detailed  instructions  about 
breeding  fowls :  "  Let  the  breeding  hens  therefore  be  of  a 
choice  colour,  "  a  robust  body,  square-built,  full-breasted,  with 
"  large  heads,  with  upright  and  bright-red  comba  Those 
*•  are  believed  to  be  the  best  bred  which  have  five  toes."  ^^ 
According  to  Tacitus,  the  Celts  attended  to  the  races  of  their 
domestic  animals;  and  Caesar  states  that  they  paid  high 
prices  to  merchants  for  fine  imported  horses.^*  In  regard  to 
plants,  Virgil  speaks  of  yearly  culling  the  largest  seeds ;  and 
Colsus  says,  "  where  the  com  and  crop  is  but  small,  we  must 
pick  out  the  best  ears  of  com,  and  of  them  lay  up  our  seed 
separately  by  itself."  ^* 

Coming  down  the  stream  of  time,  wo  may  be  brief.  At 
about  the  beginning  of  the  ninth  century  Charlemagne 
expressly  ordered  his  officers  to  take  great  care  of  his  stallions ; 
and  if  any  proved  bad  or  old,  to  forewarn  him  in  good  time 
before  they  were  put  to  the  mares.*®  Even  in  a  country  so 
little  civilised  as  Ireland  during  the  ninth  century,  it  would 
appear  from  some  ancient  verses,**  describing  a  ransom 
demanded  by  Cormac,  that  animals  from  particular  places, 
or  having  a  particular  character,  were  valued.  Thus  it 
ifl  said, — 

Two  pigs  of  the  pigs  of  Mac  Lir, 

A  ram  and  ewe  both  round  and  red^ 

I  brought  with  me  from  Aeugus. 

1  brought  with  me  a  stallion  and  a  marc 

From  the  beautiful  stud  of  Manannan, 

A  bull  aud  a  white  cow  from  Druim  Cain. 

Athelstan,  in  930,  received  running-horses  as  a  present  from 
Germany;  and  ho  prohibited  the  exportation  of  English 
horses.  King  John  imported  **  one  hundred  chosen  stallions 
from  Flanders."  "     On  June  16th,  1305,  the  Trince  of  Wales 

»*  *GardencrV  Chronicle,'  18  fS,  p.  "»  Sir  W.  WiUIe,  nn  *  Essay  on  Un- 

323.  manufactured  Animal  Kcmains/  &c., 

••  Reynicr,    *Do     Tficonomie    des  18(50,  p.  11. 

C«It«i,'  1818,  pp.  487,  503.  "  Col.     Hamilton     Smith,     *Nat. 

*•  I<^  Couteur  on  Wheat,  p.  15.  Librnrv,*  vol.  xii.,  Horses,   pp.  135, 

*•  Michel,  *  Dtt  Haras,'  186 1 ,  p.  8 1.  140. 
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wrote  to  the  Arclibitthop  of  Canterbury,  begging  for  the  loan 
of  any  choice  stallion,  and  promising  its  return  at  the  end  of 
the  season.*^  There  are  numerous  records  at  ancient  periods 
in  English  history  of  the  impoi-tation  of  choice  animals  of 
vaiious  kinds,  and  of  foolish  laws  against  their  exportation. 
In  the  reigns  of  Henry  VII.  and  VIII.  it  was  ordered  that 
the  magistrates,  at  Michaelmas,  should  scour  the  heaths  and 
commons,  and  destroy  all  mares  beneath  a  certain  size.** 
Some  of  our  earlier  kings  passed  laws  against  the  slaughter- 
ing rams  of  any  good  breed  ])eforo  they  were  seven  years  old, 
so  that  they  might  have  time  to  bree^d.  In  Spain  Cardinal 
Ximenes  issued,  in  1509,  regulations  on  the  selection  of  good 
i*ams  for  breeding.*^ 

The  Emperor  Akbar  Khan  before  the  year  1600  is  said  to 
have  *'  wonderfully  improved  '*  his  pigeons  by  crossing  the 
breeds ;  and  this  necessarily  implies  careful  selection.  About 
the  same  period  the  Dutch  attended  with  the  greatest  care 
to  the  breeding  of  these  birds.  Belon  in  l.')55  says  that  good 
managers  in  France  examined  the  colour  of  their  goslings  in 
order  to  get  geese  of  a  wliite  colour  and  better  kinds.  Mark- 
ham  in  1G31  tells  the  breeder  "  to  elect  the  largest  and  good- 
liest conies,"  and  enters  into  minute  details.  Even  with 
resi>ect  to  seeds  of  plants  for  the  flower-garden.  Sir  J.  Hanmer 
writing  about  the  year  IGGO*^  says,  in  "choosing  seed,  the 
best  seed  is  the  most  weighty,  and  is  had  from  the  lustiest 
and  most  vigorous  stems ; "  and  he  then  gives  rules  about 
leaving  only  a  few  flowers  on  plants  for  Kced ;  so  that  even 
such  details  were  attended  to  in  our  flower-gardens  two 
liiindred  years  ago.  In  order  to  show  that  selection  has  l)een 
bilently  carried  on  in  places  where  it  would  not  have  been 
expected,  I  may  add  that  in  the  middle  of  the  last  century-, 
in  a  remote  part  of  North  America,  Mr.  Cooper  improved  by 
careful  selection  all  his  vegetables,  **  so  that  they  were  greatly 
"  superior  to  those  of  any  other  person.     When  his  radishes, 

^'  Michel,  *  Dcs  Hafas,*  p.  90.  tion  on  the  an(!ient  selection  of  sheep  : 

**  Mr.    Baker,     *  History    of    -the  awl  is   my   authority   for   rams    n»»t 

Horse,'  *  Veterinarv/  vol.  xiii.  p.  423.  being  killed  voung  in  Rn(rlan<I. 

**  M.  TAbbe  Carlier,  in    *  Journal  *•  *  Gardener's  Chronicle,'  1813,  p. 

de  Physique,*  vol.  xxiv.,  1784,  p.  181 ;  389. 

thii  memoir  contains  much  informa- 
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"  for  instance,  are  fit  for  use,  he  takes  ten  or  twelve  that  he 
"  most  approves,  and  plants  them  at  least  100  yards  from 
**  others  that  blossom  at  the  same  time.  In  the  same  manner 
"  ho  treats  all  his  other  plants,  varying  the  circumstances 
**  according  to  their  nature."  *^ 

In  the  great  work  on  China  published  in  the  last  century 
])y  the  Jesuits,  and  which  is  chiefly  compiled  from  ancient 
Chinese  encyclopaedias,  it  is  said  that  with  sheep  "  improving 
"  the  breed  consists  in  choosing  with  particular  care  the 
**  lambs  which  are  destined  for  propagation,  in  nourishing 
*'  them  well,  and  in  keeping  the  flocks  separate."  The  same 
principles  were  applied  by  the  Chinese  to  various  plants  and 
fruit-trees.*^  An  imperial  edict  recommends  the  choice  of 
Hccd  of  remarkable  size ;  and  selection  was  practised  even 
by  imperial  hands,  for  it  is  said  that  the  Ya-mi,  or  imperial 
rice,  was  noticed  at  an  ancient  period  in  a  field  by  the  Em- 
peror Khang-hi,  was  saved  and  cultivated  in  his  garden,  and 
has  bince  become  valuable  from  being  the  only  kind  which 
will  grow  north  of  the  Great  Wall.*'*  Even  with  flowers, 
the  tree  pajony  (P.  moutan)  has  been  cultivated,  according  to 
Chinese  traditions,  for  1400  years;  between  200  and  300 
varieties  have  been  raised,  which  are  cherished  like  tulips 
formerly  were  by  the  Dutch.**® 

Turning  now  to  semi-civilised  people  and  to  savages :  it 
occurred  to  me,  from  what  I  had  seen  of  several  parts  of  South 
America,  where  fences  do  not  exist,  and  where  the  animals  are 
of  little  value,  that  there  would  be  absolutely  no  care  in 
breeding  or  selecting  them ;  and  this  to  a  large  extent  is 
true.  Koulin,*^  however,  describes  in  Columbia  a  naked  race 
of  cattle,  which  are  not  allowed  to  increase,  on  account  of 
their  delicate  constitution.  According  to  Azara  *'  horses  are 
often  bom  in  Paraguay  with  curly  hair ;  but,  as  the  natives 

*^  'Communications   to   Board    of  to  Khang-hi,  «c<;  Hue's  *  Chinese  Km - 

Agriculture,*  quoted  in  Dr.  Darwin's  pire,'  p.  311. 
•Phytologia,*  1800,  p.  451.  *•  Anderson,   in  *Linn.  Transact./ 

**  *  M^moirt  sur  les  Chinois,'  1786,  toI.  xii.  p.  253. 
torn.  xi.  p.  55;  tom.  v.  p.  507.  "  'M^m.    de    TAcad.*   (divers  sa- 

^  'Becherches    but    TAgriculture  vants),  tom.  vi.,  1835,  p.  333. 
iet  Chinois,'  par  U  D*Hervey  Saint-  *'  *  Des  Quadruples  du  Paraguay,' 

Denjs,  1850,  p.  229.     With  respect  1801,  tom.  ii.  pp.  333,  371. 
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do  not  like  them,  they  are  destroyed.  On  the  other  hand, 
Azara  states  that  a  hornless  bull,  born  in  1770,  was  preserved 
and  propagated  its  race.  I  was  informed  of  the  existence  in 
Banda  Oriental  of  a  breed  with  reversed  hair ;  and  the  extra- 
ordinary niata  cattle  first  api^jared  and  have  since  been  kept 
distinct  in  La  Plata.  Hence  certain  conspicuous  variations 
have  been  preserved,  and  others  have  been  habitually 
destroyed,  in  these  countries,  which  are  so  little  favourable 
for  careful  selection.  "\Vo  have  also  seen  that  the  inhabitants 
sometimes  introduce  fresh  cattle  on  their  estates  to  prevent  the 
evil  effects  of  close  interbreeding.  On  the  other  hand,  I  have 
heard  on  reliable  authority  that  the  Gauchos  of  the  Pampas 
never  take  any  pains  in  selecting  the  best  bulls  or  stallions 
for  breeding ;  and  this  probably  accounts  for  the  cattle  and 
horses  being  remarkably  uniform  in  character  throughout  the 
immense  range  of  the  Argentine  republic. 

Looking  to  the  Old  World,  in  the  Sahara  Desert  "  The 
"  Touareg  is  as  careful  in  the  selection  of  his  breeding  Mahari 
"  (a  fine  race  of  the  dromedary)  as  the  Arab  is  in  that  of  his 
"  horse.  I'he  pedigrees  are  handed  down,  and  many  a  drome- 
"  dary  gau  boast  a  genealogy  far  longer  than  the  descendants 
"  of  the  Darley  Arabian."  ^^  According  to  Pallas  the  Mongo- 
lians endeavour  to  breed  the  Yaks  or  horse-tailed  buffaloes 
with  white  tails,  for  these  are  sold  to  the  Chinese  mandarins 
as  fly-flappers;  and  Moorcroft,  about  seventy  years  after 
Pallas,  found  that  white-tailed  animals  were  still  selected  for 
breeding.^* 

We  have  seen  in  the  chapter  on  the  Dog  that  savages  in 
different  parts  of  North  America  and  in  Guiana  cross  their 
dogs  with  wild  Canidae,  as  did  the  ancient  Gauls,  according 
to  Pliny.  This  was  done  to  give  their  dogs  strength  and 
vigour,  in  the  same  way  as  the  keepers  in  large  warrens 
now  sometimes  cross  their  ferrets  (as  I  have  been  informed  by 
]Mr.  Yarrell)  with  the  wild  jx)lecat,  "  to  give  them  more  devil." 
According  to  Varro,  the  wild  ass  was  formerly  caught  and 
crossed  with  the  tamo  animal  to  improve  the  breed,  in  the 

»*  *The  Great  Sahara,'  by  the  Rev.       burg,*  1777,  p.  249,  Moorcroft  an<i 
H.  B.  Tristram.  1860,  p.  238.  Trebeck,  *  Travels  in  the  Hlxnalavan 

*•  Pallas.  «Act.  Acad.  St.  Peters-       Province^*  ISU. 
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same  manner  as  at  the  prcecnt  day  the  natives  of  Java  some- 
times drive  their  cattle  into  the  forests  to  cross  with  the  wild 
Banteng  (Bos  aondaicus),^^  In  Northern  Siberia,  among  the 
Ostyaks,  the  dogs  vary  in  markings  in  different  districts,  but 
in  each  place  they  are  spotted  black  and  white  in  a  remark- 
ably uniform  manner ;  **  and  from  this  fact  alone  we  may 
infer  careful  breeding,  more  especially  as  the  dogs  of  one 
locality  are  famed  throughout  the  country  for  their  superio- 
rity. I  have  heard  of  certain  tribes  of  Esquimaux  who  take 
pride  in  their  teams  of  dogs  being  uniformly  coloured.  In 
Guiana,  as  Sir  E.  Schomburgk  informs  me,^^  the  dogs  of  the 
Turuma  Indians  are  highly  valued  and  extensively  bartered : 
the  price  of  a  good  one  is  the  same  as  that  given  for  a  wife-: 
they  are  kept  in  a  sort  of  cage,  and  the  Indians  "  take  great 
care  when  the  female  is  in  season  to  prevent  her  uniting  with 
a  dog  of  an  inferior  description."  The  Indians  told  Sir 
Rol)ert  that,  if  a  dog  proved  bad  or  useless,  he  was  not  killed, 
but  was  left  to  die  from  sheer  neglect.  Hardly  any  nation  is 
more  barbarous  than  the  Fuegians,  but  I  hear  from  Mr. 
Bridges,  the  Catechist  to  the  Mission,  that,  "  when  these 
savages  have  a  large,  strong,  and  active  bitch,  they  take 
care  to  put  her  to  a  fine  dog,  and  even  take  care  to  feed 
"  her  well,  that  her  young  may  be  strong  and  well  favoured." 
In  the  interior  of  Africa,  negroes,  who  have  not  associated 
with  white  men,  show  great  anxiety  to  improve  their  animals ; 
they  "  always  choose  the  larger  and  stronger  males  for  stock ;"' 
the  Malakolo  were  much  pleased  at  Livingstone's  promise  to 
send  them  a  bull,  and  some  Bakalolo  carried  a  live  cock  all 
the  way  from  Loand^  into  the  interior."*  At  Falaba  Mr. 
Winwood  Heade  noticed  an  unusually  fine  horse,  and  the 
negro  King  informed  him  that  "  the  owner  was  noted  for  his 
"  skill  in  breeding  horses."  Further  south  on  the  same 
oontinent,  Andersson  states  that  ho  has  known  a  Damara 
g^ive  two  fine  oxen  for  a  dog  which  struck  his  fancy.     The 

••  Qooted     from     Raffles,   in    the  graph.  Soc.,*  vol.  xiii.  part  i.  p.  Oo. 

'Indian   Field,'    1859,   p.    1%:    for  *■  Livintjstone's  •First TraveU,' pp. 

Varro,  «v  Pallas,  vt  mipra.  191,  4JJ0,  bi^'y ;  8*'e  also  *  Expedition  t«) 

*•  Krman's    *  Travels    iu    Siberia,*  the   Zambesi,'  18G:»,   p.  495,  for  jin 

Eng.  translat.,  vol.  i.  p.  453.  nnnlogouA    ca-^e    ro5|H«cting   a    good 
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Damaras  take  great  delight  in  having  whole  droves  of  cattle 
of  the  same  colour,  and  they  prize  their  oxen  in  proportion  to 
the  size  of  their  horns.  "The  Namaquas  have  a  perfect 
"  mania  for  a  uniform  team ;  and  almost  all  the  people  of 
'*  Southern  Africa  value  their  cattle  next  to  their  women,  and 
**  take  a  pride  in  possessing  animals  that  look  high-bred." 
"  They  rarely  or  never  make  use  of  a  handsome  animal  as  a 
"  beast  of  burden."**  The  power  of  discrimination  which 
these  savages  possess  is  wonderful,  and  they  can  recognise  to 
which  tribe  any  cattle  belong.  Mr.  Andersson  further  in- 
forms me  that  the  natives  frequently  match  a  particular  bull 
with  a  particular  cow. 

The  most  curious  case  of  selection  by  semi-civilised  people, 
or  indeed  by  any  people,  which  I  have  found  recorded,  is  that 
given  by  Garcilazo  de  la  Vega,  a  descendant  of  the  Incas,  as 
having  been  practised  in  Peru  before  the  country  was  sub- 
jugated b}^  the  Spaniards.^°  The  Incas  annually  held  great 
hunts,  when  all  the  wild  animals  were  driven  from  an  im- 
mense circuit  to  a  cential  point.  The  beasts  of  prey  were 
first  destroj'ed  as  injurious.  The  wild  Guanacos  and  Vicunas 
were  sheared ;  the  old  males  and  females  killed,  and  the 
others  set  at  liberty.  The  various  kinds  of  deer  wero 
examined ;  the  old  males  and  females  were  likewise  killed ; 
"  but  the  young  females,  with  a  certain  number  of  males, 
selected  from  the  most  beautiful  and  strong,"  were  given 
their  freedom.  Here,  then,  wo  have  selection  b}'  man  aiding 
natural  selection.  So  that  the  Incas  followed  exactly  the 
reverse  system  of  that  which  our  Scottish  sportsman  are 
accused  of  following,  namely,  of  steadily  killing  the  finest 
stags,  thus  causing  the  whole  race  to  degenerate.^*  In  regard 
to  the  domesticate  llamas  and  alpacas,  they  were  separated 
in  the  time  of  the  Incas  according  to  colour :  and  if  by  chance 
one  in  a  flock  was  born  of  the  wrong  colour,  it  was  eventually 
put  into  another  flock. 

In  the  genus  Auchenia  there  are  four  forms, — the  Guanaco 

*•  Andersson's   *  Travels    in    South  13fi. 

Africa,*  pp.  232,  318,  319.  «>  «The    Natural    History    of   Doe 

••  Dr.  Vavasseur,   in   *Bull.  de  la  SiJe,'  18o5,  p.  476. 
Soc.  d'AccIimat.,*  torn.  Tiii.,  1861,  p. 


Chap.  XX.  OF  TRIFLING  CHARACTERS.  193 

and  Vicuna,  found  wild  and  undoubtedly  distinct  species; 
the  Llama  and  Alpaca,  known  only  in  a  domesticated  con- 
dition. These  four  animals  appear  so  different,  J;hat  most 
naturalists,  especially  those  who  have  studied  these  animals 
in  their  native  country,  maintain  that  they  are  specifically 
distinct,  notwithstanding  that  no  one  pretends  to  have  seen 
a  wild  llama  or  alpaca.  Mr.  Ledger,  however,  who  has  closely 
studied  these  animals  both  in  Peru  and  during  their  exporta- 
tion to  Australia,  and  who  has  made  many  experiments  on 
their  propagation,  adduces  arguments  ^^  which  seem  to  mo 
conclusive,  that  the  llama  is  the  domesticated  descendant  of 
the  guanaco,  and  the  alpaca  of  the  vicuna.  And  now  that  we 
know  that  these  animals  were  systematically  bred  and  selected 
many  centuries  ago,  there  is  nothing  surprising  in  the  great 
amount  of  change  which  they  have  undergone. 

It  appeared  to  me  at  one  time  probable  that,  though 
ancient  and  semi-civilised  people  might  have  attended  to  the 
improvement  of  their  more  useful  animals  in  essential  points, 
yet  that  they  would  have  disregarded  unimportant  characters. 
But  human  nature  is  the  same  throughout  the  world  :  fashion 
everywhere  reigns  supreme,  and  man  is  apt  to  value  whatever 
he  may  chance  to  possess.  "VVe  have  seen  that  in  South 
America  the  niata  cattle,  which  certainly  are  not  made  useful 
by  their  shortened  faces  and  upturned  nostrils,  have  been 
preserved.  The  Damaras  of  South  Africa  value  their  cattle  for 
uniformity  of  colour  and  enormously  long  horns.  And  I  will 
now  show  that  there  is  hardly  any  peculiarity  in  our  most 
useful  animals  which,  from  fashion,  superstition,  or  some 
other  motive,  has  not  been  valued,  and  consequently  pre- 
served. "With  respect  to  cattle,  "  an  early  record,"  according 
to  Youatt,*^  "  speaks  of  a  hundred  white  cows  with  red  ears 
"  being  demanded  as  a  compensation  by  the  princes  of  North 
**  and  South  Wales.  If  the  cattle  were  of  a  dark  or  black 
"colour,  150  were  to  be  presented."  So  that  colour  was 
attended  to  in  Wales  before  its  subjugation  l)y  England.  In 
Central  Africa,  an  ox  that  beats  the  ground  with  its  tail  is 
killed ;  and  in  South  Africa  some  of  the  Damaras  will  not  eat 

«  *Ball.  de  la  Sec.  d'Acclimat.,*  torn,  vii.,  18^30,  p.  457.     "  *  Cattle,*  p.  48, 
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the  flesh  of  a  spotted  ox.  The  Kaffirs  value  an  animal  with 
a  musical  voice ;  and  "  at  a  sale  in  British  Eaffraria  the  low 
"  of  a  heifer  excited  so  much  admiration  that  a  sharp  com- 
"  petition  sprung  up  for  her  possession,  and  she  realised  a 
"  considerable  price."  "  AVith  respect  to  sheep,  the  Chinese 
prefer  rams  without  horns ;  the  Tartars  prefer  them  with 
spirally  wound  horns,  because  the  hornless  are  thought  to 
lose  courage.®*  Some  of  the  Damaras  will  not  eat  the  flesh 
of  hornless  sheep.  In  regard  to  horses,  at  the  end  of  the 
fifteenth  century  animals  of  the  colour  described  as  liarl 
pomme  were  most  valued  in  France.  I'he  Arabs  have  a 
proverb,  **  Never  buy  a  horse  with  four  white  feet,  for  ho 
carries  his  shroud  with  him ;  "^^  the  Arabs  also,  as  we  have 
seen,  despise  dun-coloured  horses.  So  with  dogs,  Xenophon 
and  others  at  an  ancient  period  were  prejudiced  in  favour  of 
certain  colours ;  and  "  white  or  slate-coloured  hunting  dogs 
were  not  esteemed."  ®^ 

Turning  to  poultry,  the  old  Roman  gourmands  thought 
that  the  liver  of  a  white  goose  was  the  most  savoury.  In 
Paraguay  black-skinned  fowls  are  koi>t  because  they  are 
thought  to  be  more  productive,  and  their  flesh  the  most  proper 
for  invalids.®**  In  Guiana,  as  1  am  informed  bv  Sir  K.  Schom- 
burgk,  the  aborigines  will  not  eat  the  flesh  or  eggs  of  the 
fowl,  but  two  races  are  ko])t  distinct  merely  for  ornament. 
In  the  rhilippines,  no  less  than  nine  sub- varieties  of  the  game- 
cock are  kept  and  named,  so  that  they  must  Ix?  separately 
bred. 

At  the  present  lime  in  Europe,  the  smallest  ixjculiarities 
are  carefully  attendeil  to  in  our  most  useful  animals,  either 
from  fashion,  or  as  a  mark  of  purity  of  blood.  Many  examples 
could  be  given  ;  two  will  suffice.  *'  In  the  Western  counties 
"of  England  the  prejudice  against  a  white  pig  is  nearly  as 
"strong  as  against  a  ]»lack  one  in  Yorkshire."     In  one  of  the 

•*  Living>ton«.-'s    Travels,    ]».    570;  «<  F.  Michol,  '  Pes   HaraV   pp.47, 

Andersson,   'Lake   Nganii,'    18.'>0,   p.  .*)<>. 
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Berkshire  eiib-breede,  it  ie  eaid,  "  the  white  should  be  confined 
"  to  four  white  feet,  a  white  spot  between  the  eyes,  and  a  few 
"  white  hairs  behind  each  shoulder."  Mr.  Haddler  possessed 
"  three  hundred  pigs,  every  one  of  which  was  markixl  in  this 
"  manner."  "  Marshall,  towards  the  close  of  tho  last  centuiy, 
in  speaking  of  a  change  in  ouo  of  tho  Yorkshire  breeds  of 
cftttle,  says  tho  horns  have  been  considembly  modified,  as 
"a  cloan,  small,  sharp  horn  lias  been  fathionable  for  the  last 
twenty  years." '"  In  a  part  of  Germany  the  cattle  of  tho 
Itaco  de  Gfoehl  are  valued  for  many  good  qnalities,  hut  they 
must  have  horns  of  a  particular  curvature  and  tint,  so  much 
so  that  meclianical  mtsans  arc  applied  if  they  take  a  wrong 
direction;  but  the  inhabitants  "consider  it  of  the  highest 
"  importance  that  the  nostrils  of  the  bull  should  be  flesh- 
"  coloured,  and  tho  eyelashes  light ;  this  is  on  indispensable 
"  condition.  A  calf  with  blue  nostrils  would  not  bo  pur- 
"  chased,  or  purchased  at  a  very  low  price."  ''  Therefore  let 
no  man  say  that  any  point  or  character  is  too  trifling  to  bo 
methodically  attended  to  and  selected  by  breeders. 

Uncongeioita  Seleclion.^By  this  term  1  mean,  as  already  more 
than  once  explained,  tho  preservation  by  man  of  the  most 
valued,  and  tho  destruction  of  tho  least  valued  individuals, 
without  any  conscious  intention  on  his  part  of  altering  tho 
breed.  It  is  difScult  to  ofFcr  direct  proofs  of  the  results 
which  follow  from  this  kind  of  selection  ;  but  tho  indirect 
evidence  is  abundant.  In  fact,  except  that  in  the  ono  case 
man  acta  intentionally,  and  in  the  other  unintentionally, 
there  is  little  difference  between  methodical  and  unconscious 
selection.  In  both  cases  man  preserves  the  animals  which 
are  most  useful  or  pleasing  to  him,  and  destroys  or  neglects 
tho  others.  But  no  doubt  a  far  more  rapid  result  follows  from 
methodical  than  from  unconscious  selection.  Tho  "  roguing  " 
of  plants  by  gardeners,  and  tho  destruction  by  law  in  Henry 
Vlll.'a  reign  of  all  imder-sizod  inan-s,  aro  instances  of  u 
process  Uio  reverse  of  selection  in  the  ordinary  sense  of  tho 

-  SidD»T'«  edit,  of  Vou»ll,   18'iO,       1-..I.  ii.  r>.  18.*. 
pp.  34,  25,  "  Moll  ctOavot.'DuUffuf,'  IBi', 
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word,  Lut  leading  to  the  eame  general  result.  The  influenoe 
of  the  destruction  of  individuals  having  a  particular  character 
is  well  shown  hy  the  necessity  of  killing  every  lamb  witli  a 
trace  of  black  about  it,  in  order  to  keep  the  flock  white ;  or 
again,  by  the  effects  on  the  average  height  of  the  men  of 
Fi*anco  of  the  destructive  wars  of  Kapoleon,  by  which  many 
tall  men  were  killed,  the  short  ones  being  left  to  bo  the 
fathers  of  families.  This  at  least  is  the  conclusion  of  some  of 
those  who  have  closely  studied  the  effects  of  the  conscription ; 
and  it  is  certain  that  since  Napoleon's  time  the  standaixl  for 
the  army  has  been  lowered  two  or  three  times. 

Unconscious  selection  blends  with  methodical,  so  that  it  is 
scaicely  possible  to  separate  them.  When  a  fancier  long  ago 
first  hapixjned  to  notice  a  pigeon  with  an  unusually  short 
beak,  or  one  with  the  tail-feathci*8  unusually  developed, 
although  he  bred  from  these  birds  with  the  distinct  intention 
of  propagating  the  vaiiety,  yet  he  could  not  have  intended  to 
make  a  short-faced  tumbler  or  a  fan  tail,  and  was  far  from  know- 
ing that  he  had  made  the  fii*st  step  towards  this  end.  If  ho 
could  have  seen  the  final  result,  he  would  have  been  struck 
with  astonishment,  but,  from  what  we  know  of  the  habits  of 
fanciers,  probably  not  with  admii-ation.  Our  English  carriers, 
barbs,  and  short-faced  tumblers  have  been  greatly  modified  in 
the  same  manner,  as  wo  may  infer  both  from  the  historical 
evidence  given  in  the  chapters  on  the  Pigeon,  and  fi-om  the 
comparison  of  birds  brought  from  distant  countries. 

So  it  has  been  with  dogs;  our  present  fox-hounds  differ 
from  the  old  English  hound ;  our  greyhounds  have  lx}come 
lighter :  the  Scotch  deer-hound  has  been  modified,  and  is  now 
rare.  Our  bulldogs  differ  from  those  which  were  fonnerly 
used  for  baiting  bulls.  Our  pointers  and  Newfoundlands  do 
not  closely  resemble  any  native  dog  now  found  in  the  countries 
whence  they  were  brought.  These  changes  have  l)een  effecteil 
partly  Irv  crosses ;  but  in  every  case  the  result  has  been 
governed  by  the  strictest  selection.  Nevertheless,  there  is  no 
reason  to  suppose  that  man  intentionally  and  methodically 
made  the  breeds  exactly  what  they  now  are.  As  our  hoi*sos 
Ixjcamo  fleeter,  and  the  country  more  cultivated  and  smoother, 
fleeter  fox -hounds  were  desiixxl  and  pi*oduced,  but  prol»ably 
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without  any  one  distinctly  foreseeing  what  thoy  would  beoomo. 
Our  }>oiiiters  and  Betters,  the  latter  almost  certainly  descended 
from  large  spaniels,  have  been  greatly  modified  in  accordance 
with  fashion  and  the  desire  for  increased  speed.  Wolves  have 
become  extinct,  and  so  has  the  wolf-dog ;  deer  have  become 
rarer,  bulls  aro  uo  longer  baited,  and  the  corresponding  breeds 
of  the  dog  have  answered  to  tho  change.  But  we  may  feel 
almost  sure  that  when,  for  instance,  bulls  wore  no  longer 
baited,  no  man  said  to  himself,  I  will  now  brucil  my  dogs  of 
smaller  size,  and  thus  create  tho  present  race.  As  circum' 
stances  changed,  men  unconsciously  and  slowly  modiGed  their 
course  of  selection. 

With  race-horses  selection  for  swiftness  has  been  followed 
methodically,  and  our  horses  now  easily  surpass  their  pro- 
genitors. Tho  increased  size  and  different  appearance  of  the 
English  race-horse  led  a  good  observer  in  India  to  ask,  "  Could 
any  one  in  this  year  of  185C,  looking  at  our  race-horses, 
conceive  that  they  were  the  result  of  the  union  of  the  Arab 
horse  and  tho  African  mare?"""  This  change  has,  it  is 
probable,  been  largely  cfiVcted  through  unconscious  selection, 
that  is,  by  the  general  wish  to  breed  as  fine  horses  as  possible 
in  each  generation,  combined  with  training  and  high  feeding, 
but  without  any  intention  to  give  to  them  their  present 
appearance.  According  to  Youatt,''  the  introduction  iu  Oliver 
Cromwell's  time  of  three  celebrated  Eastern  stallions  speedily 
affected  tho  English  breed  ;  "  so  that  Lord  Uarleigh,  one  of 
the  old  school,  complained  that  the  great  horse  was  fast  dis- 
,  appearing."  This  is  an  excellent  proof  how  carefully  selection 
must  have  been  attendeil  to ;  for  without  such  care,  all  traces 
of  BO  small  an  infusion  of  Eastern  blood  would  soon  have  been 
absorbed  and  lost.  Notwithstanding  that  the  climate  of 
England  has  never  been  esteemed  particularly  favourable  to 
the  horse,  yet  long-continued  selection,  both  methodical  and 
unconscious,  together  with  that  pmctised  by  the  Arabs  during 
a  still  longer  and  earlier  period,  has  ended  in  giving  ns  the 
best  breed  of  horses  in  tho  world.      MacauJay  '*    remarks, 

"  'Th*    Inlis    Sporting    Rtvicw,'  "  'The  llpnw,' p.  22. 
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"Two  men  whoso  authority  on  such  subjects  was  held  in 
great  esteem,  the  Duko  of  Newcastle  and  Sir  John  Fenwick, 
pronounced  that  the  meanest  hack  ever  imported  from 
Tangier  would  produce  a  finer  progeny  than  could  be 
"  expected  from  the  best  sire  of  our  native  breed.  They 
"  would  not  readily  have  believed  that  a  time  would  oomtj 
'*  when  the  princes  and  nobles  of  neighbouring  lands  would 
**  be  as  eager  to  obtain  horses  from  England  as  ever  the 
**  English  had  been  to  obtain  horses  from  Barbary." 

The  London  dray-horse,  which  differs  so  much  in  appear- 
ance from  any  natural  species,  and  which  from  its  size  has  so 
astonished  many  Eastern  princes,  was  probably  formed  by  tho 
heaviest  and  most  powerful  animals  having  been  selected 
during  many  generations  in  Flanders  and  England,  but 
without  the  least  intention  or  expectation  of  creating  a  horse 
such  as  wo  now  see.  If  we  go  back  to  an  early  period  of 
history,  wo  behold  in  the  antique  Greek  statues,  as  Schaaff- 
hausen  has  remarked,^^  a  horse  equally  unlike  a  race  or  dray 
horse,  and  differing  from  any  existing  breed. 

The  results  of  unconscious  selection,  in  an  early  stage,  are 
well  shown  in  the  difference  between  the  flocks  descended 
from  the  same  stock,  but  separately  reared  by  careful  breeders. 
Youatt  gives  an  excellent  instance  of  this  fact  in  tho  sheep 
belonging  to  Messrs.  Buckley  and  Burgess,  which  "  have  been 
"  purely  bred  from  the  original  stock  of  Mr.  Bakewell  for 
upwards  of  fifty  years.  There  is  not  a  suspicion  existing  in 
the  mind  of  any  one  at  all  acquainted  with  tho  subject  that 
**  tho  owner  of  either  flock  has  deviated  in  any  one  instance 
"  from  the  pure  blood  of  Mr.  Bakewell's  flock ;  yet  the  differ- 
**  ence  between  the  sheep  possessed  by  these  two  gentlemen  is 
**  so  great,  that  they  have  the  appearance  of  being  quit« 
"  different  varieties."  "^  I  have  seen  several  analogous  and 
well-marked  cases  with  pigeons  :  for  instance,  I  had  a  family 
of  barbs  descended  from  those  long  bred  by  Sir  J.  Sebright, 
and  another  family  long  bred  by  another  fancier,  and  the  two 
families  plainly  differed  from  each  other.  Nathusius — and  a 
more  competent  witness  could  not  be  cited — observes  that, 
though  the  Shorthorns  are  remarkably  uniform  in  appearanco 

"  *  Uebcr  Ik!>tdndigkeitdcr.\rtcD.  '•  Youatt  on  Sheep,  p.  315. 
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(except  ia  colour),  yet  the  individual  character  and  wishes  of 
each  breeder  become  impressed  on  his  cattle,  bo  that  different 
herda  differ  slightly  from  one  another."  The  Hereford  cattle 
as8umc<l  their  present  ivell-martcd  character  soon  aft«r  the 
year  1769,  throngh  careful  eclection  by  Mr.  TomkinB,"  and 
the  breed  has  lately  split  into  two  straioB — one  strain  having 
a  white  face,  and  differing  slightly,  it  is  said,"  in  some  other 
points :  bnt  there  is  no  reason  to  believe  that  this  split,  the 
origin  of  which  is  unknown,  was  intentionally  made;  it 
may  with  much  more  probability  be  nttributed  to  different 
breeders  having  attended  to  different  points.  So  xgain,  the 
BerlcBli ire  breed  of  swine  intheycarlSlOhad  greatly  changed 
from  what  it  was  in  1780;  and  since  1810  at  least  two 
distinct  Bub-brecds  have  arisen  bearing  the  same  name.*' 
Keeping  in  mind  how  rapidly  all  animals  increase,  and  that 
some  must  bo  annually  slaughtered  and  some  saved  for 
breeding,  then,  if  the  same  breeder  during  a  long  course  of 
years  deliberately  settles  which  shall  bo  saved  and  which 
shall  be  killed,  it  is  almost  inevitable  that  his  individual 
turn  of  mind  will  influence  the  character  of  his  stock, 
without  his  having  had  any  intention  to  modify  the  breed. 

Unoonscious  selection  in  the  strictest  sense  of  tlie  word, 
that  is,  the  saving  of  the  more  useful  animals  and  the  neglect 
or  slaughter  of  the  loss  useful,  without  any  thought  of  the 
future,  must  have  gone  on  occasionally  from  the  remotest 
period  and  amongst  the  most  barbarous  nations.  Savages 
often  suffer  from  famines,  and  are  sometimes  expelled  by  war 
from  their  own  homes.  In  such  cases  it  can  hardly  bo  doubted 
that  they  would  save  their  most  useful  animals.  When  the 
Fuegians  are  hard  pressed  by  want,  they  kill  their  old  women 
for  food  rather  than  their  dogs ;  for,  as  we  were  assui«d, 
"  old  women  no  use — dogs  catch  otters."  The  same  soimd 
sense  would  Bi:rely  load  them  to  preserve  their  more  useful 
dogs  when  still  liardor  pressed  by  famine.  Mr.  Oldtiold,  who 
has  seen  so  much  of  the  aborigines  of  Australia,  informs  me 

" 'U»Ur     Shotthotn    Bindvieh,'  "'Qu»rterly   Review,-    lain,    p. 

i8r<7,  i.  51,  333. 

■*  Low,    '  DomeilicaUd   .^ainialj,' 
1815,  p.  363. 
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that  "  they  are  all  very  glad  to  get  a  European  kangaroo  dog, 
and  several  instances  have  been  know^n  of  the  father  killing 
his  own  infant  that  the  mother  might  suckle  the  much-prized 
puppy."  Different  kinds  of  dogs  would  be  useful  to  the- 
Australian  for  hunting  opossums  and  kangaroos,  and  to  the 
Fuegian  for  catching  fish  and  otters ;  and  the  occasional 
preservation  in  the  two  countries  of  the  most  useful  animals 
would  ultimately  lead  to  the  formation  of  two  widely  distinct 
breeds. 

With  plants,  from  the  earliest  dawn  of  civilisation,  the  best 
variety  which  was  kno\\Ti  would  generally  have  been  cultivated 
at  each  period  and  its  seeds  occasionally  sown ;  so  that  there 
will  have  been  some  selection  from  an  extremely  remote 
period,  but  without  any  prefixed  standard  of  excellence  or 
thought  of  the  future.  We  at  the  present  day  profit  by  a 
course  of  selection  occasionally  and  unconsciously  carried  on 
during  thousands  of  years.  This  is  proved  in  an  interesting 
manner  by  Oswald  Ueer's  researches  on  the  lake-inhabitants 
of  Switzerland,  as  given  in  a  former  chapter;  for  he  shows 
that  the  grain  and  seed  of  our  present  varieties  of  wheat, 
barley,  oats,  peas,  beans,  lentils,  and  poppy,  exceed  in  size 
those  which  were  cultivated  in  Switzerland  during  the 
Neolithic  and  Bronze  periods.  These  ancient  people,  during 
the  Neolithic  period,  possessed  also  a  crab  considerably  larger 
than  that  now  growing  wild  on  the  Jura.^^  The  pears  described 
by  riiny  were  evidently  extremely  inferior  in  quality  to  our 
present  pears.  We  can  realise  the  effects  of  long-continued 
selection  and  cultivation  in  another  way,  for  would  any  one 
in  his  senses  expect  to  raise  a  first-rate  apple  from  the  seed  of 
a  truly  wild  crab,  or  a  luscious  melting  pear  from  the  wild 
pear?  Alphonse  de  Candolle  informs  me  that  he  has  lately 
seen  on  an  ancient  mosaic  at  liomo  a  representation  of  the 
melon ;  and  as  the  Romans,  who  were  such  gourmands,  are 
silent  on  this  fruit,  he  infers  that  the  melon  has  been  greatly 
ameliorated  since  the  classical  period. 

Coming  to  later  times,  Buffon,*^  on  comparing  the  flowern, 

"  Sf€    also    Dr.   Christ,  in  Riiti-  '*  The  passage  is  given,  *  Bull.  Soc. 

mpycr'ft  '  Pfahlbauten,*  18  U,  s.  22'>.         d'Acclimat.,*  1858,  p.  11. 
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fruit,  and  vegetables  which  were  then  cultivated  with  some 
excellent  drawings  made  a  hundred  and  fifty  years  previously, 
was  struck  with  surprise  at  the  great  improvement  which  had 
been  eflfected ;  and  remarks  that  these  ancient  flowers  and 
vegetables  would  now  bo  rejected,  not  only  by  a  florist  but  by 
a  village  gardener.  Since  the  time  of  Buflbn  the  work  of 
improvement  has  steadily  and  rapidly  gone  on.  Every  florist 
who  compares  our  present  flowers  with  those  figured  in  books 
published  not  long  since,  is  astonished  at  the  change.  A  well- 
known  amateur,**^  in  speaking  of  the  varieties  of  Pelargonium 
raised  by  Mr.  Garth  only  twenty-two  years  before,  remarks, 
"  What  a  rage  they  excited :  surely  we  had  attained  perfection, 
**  it  was  said ;  and  now  not  one  of  the  flowers  of  those  days 
*'  will  bo  looked  at.  But  none  the  less  is  the  debt  of  gratitude 
"  which  we  owe  to  those  who  saw  what  was  to  be  done,  and 
**  did  it."  Mr.  Paul,  the  well-known  horticulturist,  in  writing 
of  the  same  flower, ***  says  he  remembers  when  young  being 
delighted  with  the  portraits  in  Sweet's  work  ;  "  but  what  are 
*•  they  in  point  of  beauty  compared  with  the  Pelargoniums  of 
**  this  day  ?  Here  again  nature  did  not  advance  by  leaps ; 
"  the  improvement  was  gradual,  and  if  we  had  neglected 
"  those  very  gradual  advances,  wo  must  have  foregone  the 
**  present  grand  results."  How  well  this  practical  horti- 
culturist appreciates  and  illustrates  the  gradual  and  accumu- 
lative force  of  selection !  The  Dahlia  has  advanced  in  beauty 
in  a  like  manner ;  the  line  of  improvement  being  guided  by 
fashion,  and  by  the  sucessive  modifications  which  the  flower 
slowly  underwent.**  A  steady  and  gradual  change  has  been 
noticed  in  many  other  flowers:  thus  an  old  florist,**  after 
describing  the  leading  varieties  of  the  Pink  which  were 
grown  in  1813,  adds,  **  the  pinks  of  those  days  would  now  bo 
**  scarcely  grown  as  border-flowers."  The  improvement  of 
so  many  flowers  and  the  number  of  the  varieties  which  have 
been  raised  is  all  the  more  striking  when  we  hear  that  the 

"  *  Journal  of  Horticulture,'  18G2,  Floricult.  Soc,  in  *  Gardener's  Chro- 

l>.  394.  nicle,'  1843,  p.  86. 

•♦  'Gardener's    Chronicle,'    1857,  "  '  Journal  of  Horticultare,'  Oct. 

p.  85.  24th,  1805,  p.  239. 

**  See  Mr.  Wildman's  address  to  the 
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earliest  known  flower-garden  in  Europe,  namely  at  Padua, 
dates  only  from  the  year  1546.®' 

Effects  of  Selection^  as  shown  by  the  parts  most  valued  by  man 
presenting  the  greatest  amount  of  difference. — The  power  of  long- 
continued  selection,  whether  methodical  or  unconscious,  or 
lx)th  combined,  is  well  shown  in  a  general  way,  namely,  by 
the  comparison  of  the  differences  between  the  varieties  of  dis- 
tinct species,  which  are  valued  for  different  part«,  such  as  for 
the  leaves,  or  stems,  or  tubers,  the  seed,  or  fruit,  or  flowers. 
Whatever  part  man  values  most,  that  part  will  bo  found  to 
present  the  greatest  amount  of  difference.  With  trees  culti- 
vated for  their  fruit,  Sageret  remarks  tliat  the  fruit  is  larger 
than  in  the  parent-species,  whilst  with  those  cultivated  for 
the  seed,  as  with  nuts,  walnuts,  almonds,  chestnuts,  &c.,  it  is 
the  seed  itself  which  is  larger ;  and  he  accounts  for  this  fact 
by  the  fruit  in  the  one  case,  and  by  the  seed  in  the  other, 
having  been  carefully  attended  to  and  selected  during  many 
ages.  Gallesio  has  made  the  same  observation.  Godron 
insists  on  the  diversity  of  the  tuber  in  the  potato,  of  the  bulb 
in  the  onion,  and  of  the  fruit  in  the  melon  ;  and  on  the  close 
similarity  of  the  other  parts  in  these  same  plants.*"* 

In  order  to  judge  how  far  my  own  impression  on  this 
subject  was  correct,  I  cultivated  numerous  varieties  of  the 
same  species  close  to  one  another.  The  comparison  of  the 
amount  of  difference  between  widely  different  organs  is  neces- 
sarily vague ;  I  will  therefore  give  the  results  in  only  a  few 
cases.  We  have  previously  seen  in  tlie  ninth  chapter  how 
greatly  the  varieties  of  the  cabbage  differ  in  their  foliage  and 
stems,  which  are  the  selected  parts,  and  how  closely  they  re- 
semble one  another  in  their  flowers,  capsules,  and  seeds.  In 
seven  varieties  of  the  radish,  the  roots  diff*eixjd  greatly  in 
colour  and  shape,  but  no  difference  whatever  could  be  detected 
in  their  foliage,  flowers,  or  seeds.     Now  wliat  a  contrast  is 

••   Prcjicott's  *  Iliit.  of  Mexico,'  vol.  eleventh  chapters  I  have  given  details 

ii.  |>.  01.  on    the   potato  ;  ami    I   can   confirm 

••  Sagaret,    *  Pomologie    Phy.siohv  similar  remarks  with  respect  to  the 

giquc,' 1S30,  p.  47  ;  Ciallesio,  *  Teoria  onion.     1  haTO  also   bhown   how  far 

dclla    Kiproduzione,'    1816,     p.   88 ;  Naudin    concars   in    rogarvl     to    the 

(jodron,  *De  I'Esp^ce,*  1850,  torn.  ii.  varieties  of  the  melon, 
pp.   63,   67,  70.     In   mj  tenth  anl 
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presented,  if  we  compare  the  flowers  of  the  varieties  of  these 
two  plants  with  those  of  any  species  cultivated  in  our  flower- 
gardens  for  ornament;  or  if  we  compare  their  seeds  with 
those  of  the  varieties  of  maize,  peas,  beans,  &c.,  which  are 
valued  and  cultivated  for  their  seeds.  In  the  ninth  chapter 
it  was  shown  that  the  varieties  of  the  jx^a  differ  but  little 
except  in  the  tallness  of  the  plant,  moderately  in  the  shape  of 
the  pod,  and  greatly  in  the  pea  itself,  and  these  are  all  selected 
points.  The  varieties,  however,  of  the  Poia  aans  parchemin 
differ  much  more  in  their  jwds,  and  these  are  eaten  and  valued. 
I  cultivated  twelve  varieties  of  the  common  bean ;  one  alone, 
the  Dwarf  Fan,  differed  considerably  in  general  appearance ; 
two  differed  in  the  colour  of  their  flowers,  one  being  an  albino, 
and  the  other  being  wholly  instead  of  partially  purple ;  several 
differed  considerably  in  the  shape  and  size  of  the  pod,  but  far 
more  in  the  bean  itself,  and  this  is  the  valued  and  selected  part. 
Toker's  bean,  for  instance,  is  twice-and-a-half  as  long  and 
broad  as  the  horse-bean,  and  is  much  thinner  and  of  a  different 
shape. 

The  varieties  of  the  gooseberry,  as  formerly  described,  differ 
much  in  their  fruit,  but  hardly  perceptibly  in  their  flowers  or 
organs  of  vegetation.  With  the  plum,  the  differences  likewise 
appear  to  be  greater  in  the  fruit  than  in  the  flowers  or  leaves. 
On  the  other  hand,  the  seed  of  the  strawberry,  which  corre- 
sponds with  the  fruit  of  the  plum,  differs  hardly  at  all ;  whilst 
every  one  knows  how  greatly  the  fruit — that  is,  the  enlarged 
receptacle  —  differs  in  several  varieties.  In  apples,  pears, 
and  peaches  the  flowers  and  leaves  differ  considerably,  but  not, 
as  far  as  I  can  judge,  in  proportion  with  the  fruit.  The 
Chinese  double- flowering  peaches,  on  the  other  hand,  show 
that  varieties  of  this  tree  have  been  formed,  which  differ 
more  in  flower  than  in  fruit.  If,  as  is  highly  probable,  the 
peach  is  the  nKnlified  descent  of  the  almond,  a  surprising 
amount  of  change  has  Ixjcn  effected  in  the  same  species, 
in  the  flesliy  covering  of  the  former  and  in  the  kernels  of  the 
latter. 

When  j)arts  stand  in  close  relationship  to  each  other,  such 
as  the  seed  and  the  fleshy  covering  of  the  fruit  (whatever 
its  homologiciil   nature   may  be),  changes    in  the  one  oro 


204  SELECTION.  Chap.  XX. 

usually  accompanied  by  modifications  in  the  other,  though 
not  necessarily  to  the  same  degree.     With  the  plum-tree, 
for  instance,  some  varieties  piroduce  plums  which  are  nearly 
alike,   but   include    stones   extremely  dissimilar  in   shape; 
whilst   conversely   other   varieties   produce   dissimilar   fruit 
with  barely  distinguishable  stones ;  and  generally  the  stones, 
though  they  have  never  been  subjected  to  selection,  diflfer 
greatly  in  the  several  varieties  of   the  plum.      In  other 
cases    organs  which    are    not    manifestly  related,   through 
some  unknown  bond   vary   together,  and   are   consequently 
liable,   without  any   intention  on  man's  part,  to  be  simul- 
taneously acted  on  by  selection.     Thus  the  varieties  of  the 
stock  (Matthiola)  have  been  selected  solely  for  the  beauty  of 
their  flowers,  but  the  seeds  differ  greatly  in  colour  and  some- 
what in  size.     Varieties  of  the  lettuce  have  been  selected  solely' 
on  account  of  their  leaves,  yet  produce  seeds  which  likewise 
differ  in  colour.     Generally,  through  the  law  of  correlation, 
when  a  variety  differs  greatly  from  its  fellow-varieties  in  any 
one  character,  it  differs  to  a  certain  extent  in  several  other 
characters.     I  observed  this  fact  when  I  cultivated  together 
many  varieties  of  the  same  species,  for  I  used  first  to  make  a  list 
of  the  varieties  which  differed  most  from  each  other  in  their 
foliage  and  manner  of  growth,  afterwards  of  those  that  differed 
most  in  their  flowers,  then  in  their  seed-capsules,  and  lastly 
in  their  mature  seed  ;  and  I  found  that  the  same  names  gene- 
rally occuiTcd  in  two,  three,  or  four  of  the  successive  lists. 
Nevertheless  the  greatest  amount  of  difference  between  the 
varieties  was  always  exhibited,  as  far  as  I  could  judge,  by 
that  part  or  organ  for  which  the  plant  was  cultivated. 

When  wo  bear  in  mind  that  each  plant  M-as  at  first  culti- 
vated because  useful  to  man,  and  that  its  variation  was  a 
subsequent,  often  a  long  subsequent,  event,  wo  cannot  explain 
the  greater  amount  of  diversity  in  the  valuable  parts  by 
supposing  that  species  endowed  with  an  especial  tendency  to 
vary  in  any  particular  manner  were  originally  chosen.  We 
must  attribute  the  result  to  the  variations  in  these  |)arts 
having  })eon  successively  preserved,  and  thus  continually 
augmented ;  whilst  other  variations,  excepting  such  as  in- 
evitably appeared   through  correlation,  wore  neglected  and 
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lost.  Wo  may  therefore  infer  that  most  plants  might  bo 
made,  through  long-continued  selection,  to  yield  raoes  as 
different  from  one  another  in  any  character  as  they  now  are 
in  those  parts  for  which  they  are  valued  and  cultivated. 

AVith  animals  we  see  nothing  of  the  same  kind ;  but  a 
sufficient  number  of  species  have  not  been  domesticated  for  a 
fair  comparison.  Sheep  are  valued  for  their  wool,  and  the 
wool  differs  much  more  in  the  several  i-accs  than  the  hair  in 
cattle.  Neither  sheep,  goats,  European  cattle,  nor  pigs  are 
valued  for  their  fleetncss  or  strength ;  and  we  do  not  possess 
breeds  differing  in  these  respects  like  the  race-horse  and  dray- 
horse.  But  fleetncss  and  strength  are  valued  in  camels  and 
dogs ;  and  we  have  with  the  former  the  swift  dromedary  and 
heavy  camel;  with  the  latter  the  greyhound  and  mastiff. 
But  dogs  are  valued  even  in  a  higher  degree  for  their  mental 
qualities  and  senses ;  and  every  one  knows  how  gi*eatly 
the  races  differ  in  these  respects.  On  the  other  hand,  where 
the  dog  is  kept  solely  to  serve  for  food,  as  in  the  Polynesian 
islands  and  China,  it  is  described  as  an  extremely  stupid 
animal.^*     Blumenbach  remarks  that  "  many  dogs,  such  as 

the  badger-dog,  have  a  build  so  marked  and  so  appropriate 

for  particular  purposes,  that  I  should  find  it  very  difficult 
**  to  persuade  myself  that  this  astonishing  figure  was  an 
"  accidental  consequence  of  degeneration."  *"  Had  Blumen- 
bach reflected  on  the  great  principle  of  selection,  he  would  not 
have  used  the  term  degeneration,  and  he  would  not  have  been 
astonished  that  dogs  and  other  animals  should  become  excel- 
lently adapted  for  the  service  of  man. 

On  the  whole  wo  may  conclude  that  whatever  part  or 
character  is  most  valued— whether  the  leaves,  stems,  tubers, 
bulbs,  flowere,  fruit,  or  seed  of  plants^  or  the  size,  strength, 
fleetness,  hairy  covering,  or  intellect  of  animals — that  cha- 
racter will  almost  invariably  be  found  to  present  the  greatest 
amount  of  difference  both  in  kind  and  degree.  And  this 
result  may  be  safely  attributed  to  man  having  preserved 
during  a  long  course  of  generations  the  variations  which 
were  useful  to  him,  and  neglected  the  others. 
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I  will  conclude  this  chapter  by  some  rcuiaiks  on  an  im- 
]X)rtant  subject.  With  animals  such  as  the  giraflfe,  of  which 
the  whole  structure  is  admirably  co-ordinated  for  certain  pur- 
poses, it  has  been  supposed  that  all  the  parts  must  have  been 
simultaneously  modified ;  and  it  has  been  argued  that,  on  the 
principle  of  natural  selection,  this  is  scarcely  possible.  But  in 
thus  arguing,  it  has  been  tacitly  assumed  that  the  variations 
must  have  been  abrupt  and  great.  No  doubt,  if  the  neck 
of  a  ruminant  were  suddenly  to  become  gi*eatly  elongated, 
the  fore  limbs  and  back  would  have  to  be  simultaneously 
strengthened  and  modified ;  but  it  cannot  be  denied  that  an 
animal  might  have  its  neck,  or  head,  or  tongue,  or  fore-limbs 
elongated  a  very  little  without  any  corresponding  modifica- 
tion in  other  parts  of  the  body ;  and  animals  thus  slightly 
modified  would,  during  a  dearth,  have  a  slight  advantage, 
and  be  enabled  to  browse  on  higher  twigs,  and  thus  survive. 
A  few  mouthfuls  more  or  less  every  day  would  make  all  the 
difference  between  life  and  death.  By  the  repetition  of  the 
same  process,  and  by  the  occasional  intercrossing  of  the  sur- 
vivors, there  would  be  some  progress,  slow  and  fluctuating 
though  it  would  be,  towards  the  admirably  co-ordinated 
structure  of  the  giraffe.  If  the  short-faced  tumbler-pigeon, 
with  its  small  conical  beak,  globular  head,  rounded  body, 
short  wings,  and  small  feet — characters  which  appear  all  in 
harmony — had  been  a  natural  species,  its  whole  structure 
would  have  been  viewed  as  well  fitted  for  its  life ;  but  in  this 
case  we  know  that  inexperienced  breeders  are  urged  to  attend 
to  point  after  point,  and  not  to  attempt  improving  the  whole 
structure  at  the  same  time.  Look  at  the  greyhound,  that 
perfect  image  of  grace,  symmetry,  and  vigour ;  no  natural 
species  can  boast  of  a  more  admirably  co-ordinated  structure, 
with  its  tapering  head,  slim  body,  deep  chest,  tucked-up 
abdomen,  rat-like  tail,  and  long  muscular  limbs,  all  adapted 
for  extreme  flectness,  and  for  running  down  weak  prey. 
Now,  from  what  we  bco  of  the  variability  of  animals,  and 
fiom  what  we  know  of  the  method  which  different  men  follow 
in  improving  their  stock  —  some  chiefly  attending  to  one 
point,  others  to  another  point,  others  again  correcting  defects 
by  crosses,  and  so  forth — we  may  feel  assured  that  if  wo 
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could  see  the  long  line  of  ancestors  of  a  first-rate  greyhound 
up  to  its  wild  wolf-like  progenitor,  we  should  behold  an 
infinite  number  of  the  finest  gradations,  sometimes  in  one 
character  and  sometimes  in  another,  but  all  leading  towards 
our  present  perfect  type.  By  small  and  doubtful  steps  such 
as  these,  nature,  as  we  may  confidently  believe,  has  progressed, 
on  her  grand  march  of  improvement  and  development. 

A  similar  line  of  reasoning  is  as  applicable  to  separate 
organs  as  to  the  whole  organisation.  A  writer^^  has  recently 
maintained  that  **  it  is  probably  no  exaggeration  to  suppose 
"  that  in  order  to  improve  such  an  organ  as  the  eye  at  all, 
"  it  must  be  improved  in  ten  different  ways  at  once.  And 
"  the  improbability  of  any  complex  organ  being  produced 
"  and  brought  to  perfection  in  any  such  way  is  an  im- 
"  probability  of  the  same  kind  and  degree  as  that  of  producing 
"  a  poem  or  a  mathematical  demonstration  by  throwing 
"  letters  at  random  on  a  table."  If  the  eye  were  abruptly 
and  greatly  modified,  no  doubt  many  parts  would  have  to  be 
simultaneously  altered,  in  order  that  the  organ  should  remain 
serviceable. 

But  is  this  the  case  with  smaller  changes  ?  There  are 
persons  who  can  see  distinctly  only  in  a  dull  light,  and  this 
condition  depends,  I  believe,  on  the  abnormal  sensitiveness  of 
the  retina,  and  is  known  to  be  inherited.  Now  if  a  bird,  for 
instance,  receive  some  great  advantage  from  seeing  well  in 
the  twilight,  all  the  individuals  with  the  most  sensitive 
retina  would  succeed  best  and  bo  the  most  likely  to  survive ; 
and  why  should  not  all  those  which  happened  to  have  the  eye 
itself  a  little  larger,  or  the  pupil  capable  of  greater  dilatation, 
be  likewise  preserved,  whether  or  not  these  modifications 
were  strictly  simultaneous?  These  individuals  would  sub- 
secjuently  intercross  and  blend  their  respective  advantages. 
By  such  slight  successive  changes,  the  eye  of  a  diurnal  bird 
would  be  brought  into  the  condition  of  that  of  an  owl,  which 

•'  Mr.  J.  J.  Murphy,  in  his  opening;  cautiously   Riven    by     the    Rev.    C. 

mldrcss  to  the  Belfast  Nat.  Hist.  Soc,  Pritchanf,  Prcs.  Royal  Astronomical 

M   given    in  the   *  Belfast   Northern  Soc,  in  his  sermon  (Appendix,  p.  33) 

Whig,*  Nov.  19,  1866.     Mr.  Murphy  preached  before  the  British  Associa- 

here   follows   the  line  of  argument  tion  at  Nottingham,  1866. 
against  my  views  previously  and  more 
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has  often  been  advanced  as  an  excellent  instance  of  adapta- 
tion. Short-sight,  which  is  often  inherited,  permits  a  person 
to  see  distinctly  a  minute  object  at  so  near  a  distance  that  it 
would  be  indistinct  to  ordinary  eyes ;  and  here  we  have  a 
capacity  which  might  be  serviceable  under  certain  conditions^ 
abruptly  gained.  The  Fuegians  on  board  the  Beagle  could 
certainly  see  distant  objects  more  distinctly  than  our  sailors 
with  all  their  long  practice;  I  do  not  know  whether  this 
depends  upon  sensitiveness  or  on  the  power  of  adjustment  in 
the  focus ;  but  this  capacity  for  distant  vision  might,  it  is 
probable,  be .  slightly  augmented  by  successive  modifications 
of  either  kind.  Amphibious  animals  which  are  enabled  to 
see  both  in  the  water  and  in  the  air,  require  and  possess,  as 
M.  Plateau  has  shown,'^  eyes  constructed  on  the  following 
plan :  "  the  cornea  is  always  flat,  or  at  least  much  flattened 
"  in  the  front  of  the  crystalline  and  over  a  space  equal  to  the 
"  diameter  of  that  lens,  whilst  the  lateral  portions  may  be 
"  much  curved."  The  crystalline  is  very  nearly  a  sphere,  and 
the  humours  have  nearly  the  same  density  as  water.  Now 
as  a  terrestrial  animal  became  more  and  more  aquatic  in  its 
habits,  very  slight  changes,  first  in  the  curvature  of  the 
cornea  or  crystalline,  and  then  in  the  density  of  the  humours, 
or  conversely,  might  successively  occur,  and  would  be  advan- 
tageous to  the  animal  whilst  under  water,  without  serious 
detriment  to  its  power  of  vision  in  the  air.  It  is  of  course 
impossible  to  conjecture  by  what  steps  the  fundamental 
structure  of  the  eye  in  the  Vertebrata  was  originally  acquired, 
for  we  know  nothing  about  this  organ  in  the  first  progenitors 
of  the  class.  With  respect  to  the  lowest  animals  in  the  scale, 
the  transitional  states  through  which  the  eye  at  first  probably 
passed,  can  by  the  aid  of  analogy  be  indicated,  as  I  have 
attempted  to  show  in  my  *  Origin  of  Species.*  ®^ 

•*  On   the   Vision   of    Fishes   and       p.  469. 
Amphibia,  translated  in  *  Annals  and  *'  Sixth  edition,  1872,  p.  144. 

Mag.  of  Nat.  Hist.,'  rol.  xriii^  1866, 
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CHAPTER  XXI. 

SELECTION,  continued, 

NATURAL  BELEOnON  AS  AFFBCnNO  DOMESTIC  PRODUCTIONS  —  OHARAOTEBB 
WHICH  APPEAR  OP  TRIPLING  VALUE  OFTEN  OP  REAL  IMPORTANOB — 
CIRCUMSTANCES  PAVOURABLE  TO  SELECTION  BY  MAN  —  FAaLlTY  IN 
PREVENTING  CROSSES,  AND  THE  NATURE  OP  THE  CONDITIONS — CLOSE 
ATTENTION  AND  PEB8EVERANCE  INDISPENSABLE — THE  PRODUCTION  OF  ▲ 
LARGE  NUMBER  OP  INDIVIDUALS  ESPECIALLY  PAVOURABLE — WHEN  NO 
SELECTION  IS  APPLIED,  DISTINCT  RACES  ARE  NOT  FORMED — HIGHLY-BRED 
ANIMALS  LIABLE  TO  DEGENERATION — TENDENCY  IN  MAN  TO  CARRY  THE 
SEI.ECTION  OF  EACH  CHARACTER  TO  AN  EXTREME  POINT,  LEADING  TO 
DIVERGENCE  OF  CHARACTER,  RARELY  TO  CONVERGENCE  —  CHARACTERS 
CONTINUING  TO  VARY  IN  THE  SAME  DIRECTION  IN  WHICH  THEY  HAVE 
ALREADY  VARIED — DIVERGENCE  OP  CHARACTER,  WITH  THE  EXTINCTION 
OP  INTERMEDIATE  VARIETIES,  LEADS  TO  DISTINCTNESS  IN  OUR  DOMESTIO 
RACES — LIMIT  TO  THE  POWER  OP  SELECTION — LAPSE  OF  TIME  IMPORTANT 
MANNER  IN  WHICH  DOMESTIC  RACES  HAVE  ORIGINATED — SUMMARY. 

Natural  Selection,  or  the  Sunnval  of  the  Fittest,  cu  affecting 
domestic  productions, — We  know  little  on  this  head.  But  as 
animals  kept  by  savages  have  to  provide  throughout  the  year 
their  own  food  either  entirely  or  to  a  large  extent,  it  can 
hardly  be  doubted  that  in  diflferent  countries,  varieties  dif- 
fering in  constitution  and  in  various  characters  would 
succeed  best,  and  so  be  naturally  selected.  Hence  perhaps  it 
is  that  the  few  domesticated  animals  kept  by  savages  partake, 
as  has  been  remarked  by  more  than  one  writer,  of  the  wild 
appearance  of  their  masters,  and  likewise  resemble  natural 
species.  Even  in  long-civilised  countries,  at  least  in  the 
wilder  parts,  natural  selection  must  act  on  our  domestic  races. 
It  is  obvious  that  varieties  having  very  different  habits,  consti- 
tution, and  structure,  would  succeed  best  on  mountains  and 
on  rich  lowland  pastures.  For  example,  the  improved  Lei- 
cester sheep  were  formerly  taken  to  the  Lammermuir  Hills ; 
but  an  intelligent  sheep-master  reported  that  "  our  coarse 
**  lean  pastures  were  unequal  to  the  task  of  supporting  such 
"  heavy-bodied  sheep ;  and  they  gradually  dwindled  away 
'*  into  less  and  less  bulk :  each  generation  was  inferior  to  the 
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"  preceding  one;  and  when  the  spring  was  severe,  seldom 
*'  more  than  two-thirds  of  the  lambs  survived  the  ravages  of 
"  the  storms."  ^  So  with  the  mountain  cattle  of  North  Wales 
and  the  Hebrides,  it  has  been  found  that  they  could  not 
withstand  being  crossed  with  the  larger  and  more  delicate 
lowland  breeds.  Two  French  naturalists,  in  describing  the 
horses  of  Circassia,  remark  that,  subjected  as  they  are  to 
extreme  vicissitudes  of  climate,  having  to  search  for  scanty 
pasture,  and  exposed  to  constant  danger  from  wolves,  the 
strongest  and  most  vigorous  alone  survive.^ 

Every  one  must  have  been  struck  with  the  surpassing 
grace,  strength,  and  vigour  of  the  Game-cock,  with  its  bold 
and  confident  air,  its  long,  yet  firm  neck,  compact  body, 
powerful  and  closely  pressed  wings,  muscular  thighs,  strong 
beak  massive  at  the  base,  dense  and  sharp  spurs  set  low  on 
the  legs  for  delivering  the  fatal  blow,  and  its  compact,  glossy, 
and  mail-like  plumage  serving  as  a  defence.  Now  the  En- 
glish game-cock  has  not  only  been  improved  during  many" 
years  by  man's  careful  selection,  but  in  addition,  as  Mr. 
Tegetmeier  has  remarked,^  by  a  kind  of  natural  selection,  for 
the  strongest,  most  active  and  courageous  birds  have  stricken 
down  their  antagonists  in  the  cockpit,  generation  after  gene- 
ration, and  have  subsequently  served  as  the  progenitors  of 
their  race.  The  same  kind  of  double  selection  has  come  into 
play  with  the  carrier  pigeon,  for  during  their  training  the 
inferior  birds  fail  to  return  home  and  are  lost,  so  that  even 
without  selection  by  man  only  the  superior  birds  propagate 
their  race. 

In  Great  Britain,  in  former  times,  almost  every  district 
had  its  own  breed  of  cattle  and  sheep ;  *'  they  were  indigenous 
"  to  the  soil,  climate,  and  pasturage  of  the  locality  on  which 
"  they  grazed :  they  seemed  to  have  been  formed  for  it  and 
**  by  it."  *  But  in  this  case  we  are  quite  unable  to  disentangle 
the  effects  of  the  direct  action  of  the  conditions  of  life, — of 
use  or   habit — of  natural  selection— and   of  that    kind    of 

*  Quoted  by  Youatt  on  Sheep,  p.       viii.,  1861,  p.  311. 

325.     S<e  also  Youatt  on  Cattle,  pp.  *  *The  Poultry  Book,'  1866,  p.  123. 

62,  69.  Mr.  Tegetmeier,  *  The  Homing  or  Car- 

*  MM.  Lherbette  and  De  Quatre-  rier  Pigeon,'  1871,  pp.  4.S-58. 
fagts,  in  *  Bnll.  Soc.  d'Acclimat.,'  torn.  *  Yonatt  on  Sheep,  p.  313. 
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selection  wliich  we  have  seen  is  occasionally  and  uncon- 
sciously followed  by  man  even  during  the  rudest  periods  of 
history. 

Let  us  now  look  to  the  action  of  natural  selection  on  special 
characters.  Although  nature  is  difficult  to  resist,  yet  man 
often  strives  against  her  power,  and  sometimes  with  success. 
From  the  facts  to  bo  given,  it  will  also  be  seen  that  natural 
selection  would  powerfully  affect  many  of  our  domestic  pro- 
ductions if  left  unprotected.  This  is  a  point  of  much  interest, 
for  we  thus  learn  that  differences  apparently  of  very  slight 
importance  would  certainly  determine  the  survival  of  a  form 
when  forced  to  struggle  for  its  own  existence.  It  may  have 
occurred  to  some  naturalists,  as  it  formerly  did  to  me,  that, 
though  selection  acting  under  natural  conditions  would 
determine  the  structure  of  all  important  organs,  yet  that  it 
could  not  affect  characters  which  are  esteemed  by  us  of  little 
Importance ;  but  this  is  an  error  to  which  we  are  eminently 
liable,  from  our  ignorance  of  what  characters  are  of  real  value 
to  each  living  creature. 

When  man  attempts  to  make  a  breed  with  some  serious 
defect  in  structure,  or  in  the  mutual  relation  of  the  several 
parts,  he  will  partly  or  completely  fail,  or  encounter  much 
difficulty ;  he  is  in  fact  resisted  by  a  form  of  natural  selection. 
Wo  have  seen  that  an  attempt  was  once  made  in  Yorkshire 
to  breed  cattle  with  enormous  buttocks,  but  the  cows  perished 
so  often  in  bringing  forth  their  calves,  that  the  attempt  had 
to  be  given  up.  In  rearing  short-faced  tumblers,  Mr.  Eaton 
says,*  **  I  am  convinced  that  better  head  and  beak  birds  have 
"  perished  in  the  shell  than  ever  were  hatched ;  the  reason 
"  being  that  the  amazingly  short- faced  bird  cannot  reach  and 
"  break  the  shell  with  its  beak,  and  so  i)eri8he8."  Here  is 
a  more  curious  case,  in  which  natural  selection  comes  into 
play  only  at  long  intervals  of  time :  during  ordinary  seasons 
the  Niata  cattle  can  graze  as  well  as  others,  but  occasionally, 
as  from  1827  to  1830,  the  plains  of  La  Plata  suffer  from  long- 
continued  droughts  and  the  pasture  is  burnt  up;  at  such 
times  common  cattle  and  horses  ^^erish  by  the  thousand,  but 
many  survive  by  browsing  on  twigs,  reeds,  &o, ;  this  the 
•  'TrMtise  on  the  Almond  Tumbler/  1851,  p.  33. 
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Niata  cattle  cannot  so  well  effect  from  their  upturned  jaws 
and  the  shape  of  their  lips  ;  consequently,  if  not  attended  to, 
they  perish  before  the  other  cattle.  In  Columbia,  according 
to  Boulin,  there  is  a  breed  of  nearly  hairless  cattle,  called 
Pelones ;  these  succeed  in  their  native  hot  district,  but  are 
found  too  tender  for  the  Cordillera;  in  this  case,  however, 
natural  selection  determines  only  the  range  of  the  variety'. 
It  is  obvious  that  a  host  of  artificial  races  could  never  survive 
in  a  state  of  nature ; — such  as  Italian  greyhounds, — hairless 
and  almost  toothless  Turkish  dogs, — fautail  pigeons,  which 
cannot  fly  well  against  a  strong  wind, — barbs  and  Polish 
fowls,  with  their  vision  impeded  by  their  eye  wattles  and 
great  topknots, — hornless  bulls  and  rams,  which  consequently 
cannot  cope  with  other  males,  and  thus  have  a  poor  chance 
of  leaving  offspring,— seedless  plants,  and  many  other  such 
cases. 

Colour  is  generally  esteemed  by  the  systematic  naturalist 
as  unimportant :  let  us,  therefore,  see  how  far  it  indirectly, 
affects  our  domestic  productions,  and  how  far  it  would  affect 
them  if  they  were  left  exposed  to  the  full  force  of  natural 
selection.  In  a  future  chapter  I  shall  have  to  show  that  con- 
stitutional peculiarities  of  the  strangest  kind,  entailing 
liability  to  the  action  of  certain  poisons,  are  correlated  with 
the  colour  of  the  skin.  I  will  here  give  a  single  case,  on  the 
high  authority  of  Professor  Wyman ;  he  informs  me  that, 
being  surprised  at  all  the  pigs  in  a  part  of  Virginia  being 
black,  he  made  inquiries,  and  ascertained  that  these  animals 
feed  on  the  roots  of  the  Lachnanihes  tindoria,  which  colours 
their  lx)ncs  pink,  and,  excepting  in  the  case  of  the  black 
varieties,  causes  the  hoofs  to  drop  off.  Hence,  as  one  of  the 
squatters  remarked,  "  wo  select  the  black  members  of  the 
litter  for  raising,  as  they  alone  have  a  good  chance  of  living." 
So  that  here  we  have  artificial  and  natural  selection  work- 
ing hand  in  hand.  I  may  add  that  in  thu  Tareutino  the 
inhabitants  keep  black  sheep  alone,  because  the  Hffpericum 
critpum  abounds  there ;  and  this  plant  does  not  injure  black 
sheep,  but  kills  the  white  ones  in  about  a  fortnight's  time.* 

Complexion,  and  liability  to  certain  diseases,  are  believed 

*   Dr.  Heusioger,  *  Wochoaschrifl  fUr  die  Heilkundc,'  Berlin,  184G,  s.  279. 


Cha^.  XXL        NATUBAL  SELECTION.  213 

to  ran  together  in  man  and  the  lower  animals.  Thus  white 
terriers  suffer  more  than  those  of  any  other  colour  from  the 
fatal  distemper.^  In  North  America  plum-trees  are  liable  to 
a  disease  which  Downing^  believes  is  not  caused  by  insects ; 
the  kinds  bearing  purple  fruit  are  most  affected,  "  and  we  have 
"  never  known  the  green  or  yellow  fruited  varieties  infected 
"  until  the  other  sorts  had  first  become  filled  with  the  knots." 
On  the  other  hand,  peaches  in  North  America  suffer  much 
from  a  disease  called  the  yellows,  which  seems  to  be  peculiar 
to  that  contiiient,  and  more  than  nine- tenths  of  the  victims, 
"when  the  disease  first  appeared,  were  the  yellow-fleshed 
"  peaches.  The  whi.te-fleshed  kinds  are  much  more  rarely 
"  attacked  ;  in  some  parts  of  the  country  never."  In  Mauri- 
tius, the  white  sugar-canes  have  of  late  years  been  so  severely 
attacked  by  a  disease,  that  many  planters  have  been  compelled 
to  give  up  growing  this  variety  (although  fresh  plants  were 
imported  from  China  for  trial),  and  cultivate  only  red  canes.* 
Now,  if  these  plants  had  been  forced  to  struggle  with  other 
competing  plants  and  enemies,  there  cannot  be  a  doubt  that  the 
colour  of  the  flesh  or  skin  of  the  fruit,  unimportant  as  these 
characters  are  considered,  would  have  rigorously  determined 
their  existence. 

Liability  to  the  attacks  of  parasites  is  also  connected  with 
colour.  White  chickens  are  certainly  more  subject  than  dark- 
coloured  chickens  to  the  gapes,  which  is  caused  by  a  parasitic 
worm  in  the  trachea.**^  On  the  other  hand,  experience  has 
shown  that  in  France  the  caterpillars  which  produce  white 
cocoons  resist  the  deadly  fungus  better  than  those  producing 
yellow  cocoons. ^^  Analogous  facts  have  been  observed  with 
plants:  a  new  and  beautiful  white  onion,  imported  from 
France,  though  planted  close  to  other  kinds,  was  alone  attacked 
by  a  parasitic  fungus.*^  AVhite  verbenas  are  especially  liable 
to  mildew.^3    Near  Malaga,  during  an  early  period  of  the  yine- 

»  Youatt  on  the  Dog,  p.  232.  379. 

*  'The    Fruit-trees     of   America,'  "  Quatrefazes,' Maladies  Actuelles 
1845,  p.  270 :  for  peaches  P-  -^66.  du  Ver  i  Soie,^  1859,  pp.  12,  214. 

•  *Proc  Royal   Soc.   of  Arts  and  "  'Gardener's  Chronicle,' 1851,  p. 
Sciences     of    Mauritius,'     1852,    p.  595. 

cxixT.  "  *  Journal  of  Horticulture,'  1862, 

>*  *  Gardener's  Chronicle,'  1856,  p.       p.  476. 
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disease,  the  green  sorts  suffered  most ;  '^  and  red  and  black 
grapes,  even  when  interwoven  with  the  sick  plants,  suffered 
not  at  all."  In  France  whole  groups  of  varieties  were  com- 
paratively free,  and  others,  such  as  the  Chasselas,  did  not 
afford  a  single  fortunate  exception ;  but  I  do  not  know 
whether  any  correlation  between  colour  and  liability  to 
disease  was  here  observed.^*  In  a  former  chapter  it  was 
shown  how  curiously  liable  one  variety  of  the  strawberry  is 
to  mildew. 

It  is  certain  that  insects  regulate  in  many  cases  the  range 
and  even  the  existence  of  the  higher  animals,  whilst  living 
under  their  natural  conditions.  Under  domestication  light- 
coloured  animals  suffer  most :  in  Thuringia  ^^  the  inhabitants 
do  not  like  grey,  white,  or  pale  cattle,  because  they  are  much 
more  troubled  by  various  kinds  of  flies  than  the  brown,  red, 
or  black  cattle.  An  Albino  negro,  it  has  been  remarked,^® 
was  peculiarly  sensitive  to  the  bites  of  insects.  In  the  West 
Indies  ^^  it  is  said  that  "  the  only  homed  cattle  fit  for  work 
"  are  those  which  have  a  good  deal  of  black  in  them.  The 
"  white  are  terribly  tormented  by  the  insects ;  and  they  are 
"  weak  and  sluggish  in  proportion  to  the  white.'* 

In  Devonshire  there  is  a  prejudice  against  white  pigs, 
because  it  is  believed  that  the  sun  blisters  them  when  turned 
out ;  ^^  and  I  knew  a  man  who  would  not  keep  white  pigs  in 
Kent,  for  the  same  reason.  The  scorching  of  flowers  by  the 
sun  seems  likewise  to  depend  much  on  colour;  thus,  dark 
pelargoniums  suffer  most ;  and  from  various  accounts  it  is 
clear  that  the  cloth-of-gold  variety  will  not  withstand  a 
degree  of  exposure  to  sunshine  which  other  varieties  enjoy. 
Another  amateur  asserts  that  not  only  all  dark-coloured 
verbenas,  but  likewise  scarlets,  suffer  from  the  sun :  "  the 
paler  kinds  stand  better,  and  pale  blue  is  perhaps  the  best  of 
all."      So   again  with  the    heartsease   (Viola   tricolor);    hot 

"  *  Gardener's    Chronicle,*     1852,  in   West   Indic.^,'    ♦Home    and    Col. 

pp.  435,  691.  Library,'  p.  100. 

'*  Bechstein,  *Naturgesch.  Deutsch-  "  Sidney '.s  edit,  of  Youatt  on  the 

lands,'  1801,  B.  i.  s.  310.  Pig,  p.  24.      I  have  given   analogous 

"  Prichard,  *  Phys.  Hist,  of  Man-  facts  in  the  case  of  mankind  in  my 

kind,'  1851,  vol.  i.  p.  224.  *  Descent  of  Man,'  2nd  edit.  p.  195. 

*'  G.  Lewis's  '  Journal  of  Residence 
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weather  suits  the  blotched  sorts,  whilst  it  destroys  the  beau- 
tiful mco'kings  of  some  other  kinds.^'  Buriug  one  extremely 
cold  season  in  Holland  all  red-flowered  hyacinths  were 
observed  to  be  very  inferior  in  quality.  It  is  believed  by 
many  agriculturists  that  red  wheat  is  hardier  in  northern 
climates  than  white  wheat.*® 

With  animals,  white  varieties  from  being  conspicuous  are 
the  most  liable  to  be  attacked  by  beasts  and  birds  of  prey. 
In  parts  of  France  and  Germany  where  hawks  abound,  persons 
are  advised  not  to  keep  white  pigeons ;  for,  as  Farmentier 
says,  *'  it  is  certain  that  in  a  flock  the  white  always  first  fall 
victims  to  the  kite."  In  Belgium,  where  so  many  societies 
have  been  established  for  the  flight  of  carrier-pigeons,  white 
is  the  one  colour  which  for  the  same  reason  is  disliked.^^ 
Prof.  G.  Jaeger*'  whilst  fishing  found  four  pigeons  which 
had  been  killed  by  hawks,  and  all  were  white ;  on  another 
occasion  he  examined  the  eyrie  of  a  hawk,  and  the  feathers  of 
the  pigeons  which  had  been  caught  were  all  of  a  white  or 
yellow  colour.  On  thcr  other  hand,  it  is  said  that  the  sea- 
eagle  (Falco  089ifragu8,  Linn.)  on  the  west  coast  of  Ireland 
picks  out  the  black  fowls,  so  that  "  the  villagers  avoid  as 
much  as  possible  rearing  birds  of  that  colour."  M.  Daudin,*^ 
speaking  of  white  rabbits  kept  in  warrens  in  Ru.ssia,  remarks 
that  their  colour  is  a  great  disadvantage,  as  they  are  thus 
more  exposed  to  attack,  and  can  be  seen  during  bright 
nights  from  a  distance.  A  gentleman  in  Kent,  who  failed 
to  stock  his  woods  with  a  nearly  white  and  hardy  kind  of 
rabbit,  accounted  in  the  same  manner  for  their  early  dis- 
appearance. Any  one  who  will  watch  a  white  cat  prowling 
after  her  prey  will  soon  perceive  under  what  a  disadvantage 
she  lies. 

The  white  Tartarian  cherry,  "  owing  either  to  its  colour 

>•  *  Journal  of  Horticulture,'  1862,  Feb.  25,  18G5.    With  respect  to  black 

pp.  476,  498;  1865,  p.  460.     With  fowls,  jk'er  a  quutntion  iu  Thompson's 

respect  to  the  heartsease,  *  Gardener's  '  Nat.  Hist,  of  Ireland/  1849,  vol.  i. 

Chronicle,'  1863,  p.  628.  p.  22. 

'*  <  Des  Jacinthes,  de  lenr  Culture,'  '*  '  In     Sachcn     Darwin's     contra 

1768,  p.  53:  on  wheat,  *  Gardener's  Wigand,*  1874,  p.  70. 

Chronicle,'  1846,  p.  653.  **  '  Bull,    de  la  Soc.  d'Acclimat.,' 

'1  W.  B.  Tegetmeier,  *The  Field/  torn.  Til.,  1860,  p.  359. 
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being  00  mQch  like  that  of  the  leaves,  or  to  the  fruit  always 
appearing  from  a  distance  onripe,"  is  not  so  readily  attacked 
l^  birds  as  other  sorts.  The  yellow-fruited  raspberry,  which 
generally  comes  nearly  true  by  seed,  "  is  very  little  molested 
by  birds,  who  evidently  are  not  fond  of  it ;  so  that  nets  may 
be  dispensed  with  in  places  where  nothing  else  will  protect 
the  red  fruit.""  This  immunity,  though  a  benefit  to  the 
gardener,  would  be  a  disadvantage  in  a  state  of  nature  both 
to  the  cherry  and  raspberry,  as  dissemination  depends  on 
birds.  I  noticed  during  several  winters  that  some  trees  of 
the  yellow-berried  holly,  which  were  raised  from  seed  from  a 
tree  found  wild  by  my  father  remained  covered  with  fruit, 
whilst  not  a  scarlet  berry  could  be  seen  on  the  adjoining  trees 
of  the  common  kind.  A  friend  informs  me  that  a  mountain- 
ash  (FyruB  aucuparia)  growing  in  his  garden  bears  berries 
which,  though  not  differently  coloured,  are  always  devoured 
by  birds  before  those  on  the  other  trees.  This  variety  of 
the  mountain -ash  would  thus  be  more  freely  disseminated, 
and  the  yellow-berried  variety  of  the  holly  less  freely,  than 
the  common  varieties  of  these  two  trees. 

Independently  of  colour,  trifling  differences  are  sometimes 
found  to  be  of  importance  to  plants  under  cultivation,  and 
would  be  of  paramount  importance  if  they  had  to  fight  their 
own  battle  and  to  struggle  with  many  competitors.  The 
thin-shelled  peas,  called  pots  sans  parchemin,  are  attacked  by 
birds  ^^  much  more  commonly  than  ordinary  peas.  On  the 
other  hand,  the  purple-podded  pea,  which  has  a  hard  shell, 
escaped  the  attacks  of  tomtits  {Parus  major)  in  my  garden  far 
better  than  any  other  kind.  The  thin -shelled  walnut  like- 
wise suffers  greatly  from  the  tomtit.^^  These  same  birds 
have  been  observed  to  pass  over  and  thus  favour  the 
filbert,  destroying  only  the  other  kinds  of  nuts  which  grew 
in  the  same  orchard.^' 

Certain  varieties  of  the  jxjar  have  soft  bark,  and  these 
suffer   severely   from    wood  -  boring    beetles ;     whilst   other 

«*  'Transact.  Hort.  Soc,'  vol.  1.  2nd  "  *  Gardener's  Chronicle,'  1843,  p. 

series,  18:J5,  p.  275.   For  raspberries,  806. 

fM  'Card.  Chronicle,'  1855,  p.   154,  *•  Ibid.,  1850,  p.  732. 

and  1863,  p.  245.  «'  Ibid.,  1860,  p.  956. 


Chat.  XXL  NATURAL  SELECTION.  217 

varieties  are  known  to  resist  their  attacks  much  better.^^  In 
North  America  the  smoothness,  or  absence  of  down  on  the 
fruit,  makes  a  great  difference  in  the  attacks  of  the  weevil, 
"  which  is  the  uncompromising  foe  of  all  smooth  stone-fruits  ;" 
and  the  cultivator  '*  has  the  frequent  mortification  of  seeing 
nearly  all,  or  indeed  often  the  whole  crop,  fall  from  the  trees 
when  half  or  two-thirds  grown."  Hence  the  nectarine 
suffers  more  than  the  peach.  A  particular  variety  of  the 
Morello  cherry,  raised  in  North  America,  is,  without  any 
assignable  cause,  more  liable  to  be  injured  by  this  same  insect 
than  other  cherry-trees.^*  From  some  unknown  cause,  certain 
varieties  of  the  apple  enjoy,  as  wo  have  seen,  the  great  ad- 
vantage in  various  parts  of  the  world  of  not  being  infested  by 
the  coccus.  On  the  other  hand,  a  particular  case  has  been  re- 
corded in  which  aphides  confined  themselves  to  the  Winter  Nelis 
pear  and  touched  no  other  kind  in  an  extensive  orchard.^**  The 
existence  of  minute  glands  on  the  leaves  of  peaches,  nectarines, 
and  apricots,  would  not  be  esteemed  by  botanists  as  a  charac- 
ter of  the  least  importance,  for  they  are  present  or  absent  in 
closely-related  sub-varieties,  descended  from  the  same  parent- 
tree  ;  yet  there  is  good  evidence  ^^  that  the  absence  of 
glands  leads  to  mildew,  which  is  highly  injurious  to  these 
trees. 

A  difference  either  in  flavour  or  in  the  amount  of  nutriment 
in  certain  varieties  causes  them  to  be  more  eagerly  attacked 
by  various  enemies  than  other  varieties  of  the  same  species. 
Bullfinches  (Pyrrhula  vulgaris)  injui^e  our  fruit-trees  by 
devouring  the  flower-buds,  and  a  pair  of  these  birds  have 
been  seen  '*  to  denude  a  large  plum-tree  in  a  couple  of  days  of 
almost  every  bud ;"  but  certain  varieties^^  of  the  apple  and 
thorn  (Crat<iBgtL8  oxyacantha)  are  more  especially  liable  to 
be  attacked.  A  striking  instance  of  this  was  observ'ed  in 
Mr.   Bivers's   garden,   in  which   two  rows  of  a    particular 

*•  J.    De  Jonghe,   in    *  Gardener's  "  *  Journal  of  Horticulture,*  Sept. 

Chronicle,' 1860,  p.  120.  -6th,    18G5,  p.  254;    see   other  rc- 

*•  Downing,  *  Fruit-trees  of  North  ferences  given  in  chap.  x. 

Americii,'  pp.  266,  501 :  in  regard  to  *  Mr.  Selby,  in  *Mag.  of  Zoology 

the  cherry,  p.  198.  and  BoUny',  Edinburgh,  toI.  ii.,  1838, 

»•  *  Gardener's  Chronicle,'  1849,  p.  p.  393. 
755. 
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variety  of  plum^  had  ix)  be  carefully  protected,  as  they  were 
usually  stripped  of  all  their  buds  during  the  winter,  whilst 
other  sorts  growing  near  them  escaped.  The  root  (or  en- 
larged stem)  of  Laing's  Swedish  turnip  is  preferred  by  hares, 
and  therefore  suffers  more  than  other  varieties.  Hares  and 
rabbits  eat  down  common  rye  before  St.  John's-day-rye, 
when  both  grow  together.^  In  the  south  of  France,  when 
an  orchard  of  almond-trees  is  formed,  the  nuts  of  the  bitter 
variety  are  sown,  "  in  order  that  they  may  not  be  devoured 
by  field-mice ;"  ^*  so  we  see  the  use  of  the  bitter  principle 
in  almonds. 

Other  slight  differences,  which  would  be  thought  quite 
unimportant,  are  no  doubt  sometimes  of  great  service  both 
to  plants  and  animals.  The  Whitesmith's  gooseberry,  as 
formerly  stated,  produces  its  leaves  later  than  other  varieties, 
and,  as  the  flowers  are  thus  left  unprotected,  the  fruit 
often  fails.  In  one  variety  of  the  cherry,  according  to  Mr. 
Rivers,^^  the  petals  are  much  curled  backwards,  and  in  con- 
sequence of  this  the  stigmas  were  observed  to  be  killed  by 
a  sevei'e  frost ;  whilst  at  the  same  time,  iu  another  variety 
with  incurved  petals,  the  stigmas  were  not  in-  the  least 
injured.  The  straw  of  the  Fen  ton  wheat  is  remarkably  un- 
equal in  height ;  and  a  competent  observer  believes  that 
this  variety  is  higlily  productive,  partly  because  the  ears 
from  being  distributed  at  various  heights  above  the  ground 
are  less  crowded  together.  The  same  observer  maintains  that 
in  the  upright  varieties  the  divergent  awns  are  serviceable  by 
breaking  the  hhocks  when  the  ears  are  dashed  together  by  the 
wind.^^  If  several  varieties  of  a  plant  are  growTi  together, 
and  the  seed  is  indiscriminately  harv-ested,  it  is  clear  that  the 
hardier  and  mure  productive  kinds  will,  by  a  sort  of  natural 
selection,  gradually  prevail  over  the  others ;  this  takes  place, 
as  Colonel  IjC  Contour  believes,  ^^  in  our  wheat-fields,  for,  iCs 

"  The    Reine    Claude    de    Bavay,  **  Godron,  '  De  I'Lsp^ce,*  torn.  ii.  p. 

'Jourijjil   of  HorticultunV    Dec.   liV,  08. 

18H4,  p.  511.  "  'Gardener's  Chron.,'  1860, p. 732. 

**  Mr.    Pusey,   in   'Journal  of   K.  "  'Gardener's Chronicle,' 1862,  pp. 

Agricult.  Sue.,'  vol.  vi.  p.  179.     For  820,  821. 

Swedish  turnip*,  see  'Gard.  Chron.,'  *•  *0n  the  Varieties  of  Wheat/ p. 

1847,  p.  O:.  o9. 


Ceaf.  XXL  FAVOURABLE  CIRCUMSTANCES.  219 

formerly  shown,  no  variety  is  quite  uniform  in  character. 
The  same  thing,  as  I  am  assured  by  nurserymen,  would  take 
place  in  our  flower-gardens,  if  the  seed  of  the  different 
varieties  were  not  separately  saved.  When  the  eggs  of  the 
wild  and  tame  duck  are  hatched  together,  the  young  wild 
ducks  almost  invariably  perish,  from  being  of  smaller  size 
and  not  getting  their  fair  share  of  food.^' 

Facts  in  sufficient  number  have  now  been  given  showing 
that  natural  selection  often  checks,  but  occasionally  favours, 
man's  power  of  selection.  These  facts  teach  us,  in  addition, 
a  valuable  lesson,  namely,  that  we  ought  to  be  extremely 
cautious  in  judging  what  characters  are  of  importance  in  a 
state  of  nature  to  animals  and  plants,  which  have  to  struggle 
for  existence  from  the  hour  of  their  birth  to  that  of  their 
death, — their  existence  depending  on  conditions,  about  which 
we  are  profoundly  ignorant. 

Circumatances  favourable  to  Selection  hy  Man, 

The  possibility  of  selection  rests  on  variability,  and  this,  as 
we  shall  see  in  the  following  chapters,  mainly  depends  on 
changed  conditions  of  life,  but  is  governed  by  infinitely  com- 
plex and  unknown  laws.  Domestication,  oven  when  long 
continued,  occasionally  causes  but  a  small  amount  of  varia- 
bility, as  in  the  case  of  the  goose  and  turkey.  The  slight 
differences,  however,  which  characterise  each  individual 
animal  and  plant  would  in  most,  probably  in  all,  cases  suffice 
for  the  production  of  distinct  races  through  careful  and  pro- 
longed selection.  We  see  what  selection,  though  acting  on 
mere  individual  diffi^rences,  can  effect  when  families  of  cattle, 
sheep,  pigeons,  <&c.,  of  the  same  race,  have  been  separately 
bred  during  a  number  of  years  by  different  men  without  any 
wish  on  their  part  to  modify  the  breed.  We  see  the  same 
fact  in  the  difference  between  liounds  bred  for  hunting  in 
different  districts,*^  and  in  many  other  such  cases. 

In  order  that  selection  should  produce  any  result,  it  is 
manifest  that  the  crossing  of  distinct  races  must  be  prevented ; 
hence   facility  in   pairing,   as   with   the   pigeon,  is   highly 

'*  Mr.  Hewitt  and  otheni,  m  *  Jour-  **  '  Encjclop.  of  Kara]  Sports,'  p. 

Dal  of  Hort.,*  1862,  p.  773.  405. 


220 


SELECTION. 


favourable  for  the  work ;  and  difEciilty  m  p&Lring,  as  witlkl 
c&ts,  prevents  the  formation  of  distinct  breeds.  On  neatly 
the  same  principle  the  cattle  of  the  emuU  island  of  Jereey 
have  been  impioved  in  their  miUdng  qualities  "with  a 
rapidity  that  could  not  have  been  ubtained  in  a  widelj:j| 
eitended  country  like  France."  *'  Although  free  < 
is  a  danger  on  the  one  side  which  every  one  can  see,  too  cloe 
interbreeding  it  a  bidden  danger  on  the  other  aide.  Un^ 
favourable  condilionH  of  life  overrule  the  power  of  selection. 
Oar  improved  heavy  breeds  of  cattle  and  sheep  could  nof 
have  been  formed  on  mountainous  pastures ;  nor  could  diaj-/^ 

have  bc-vn  raiued  on  a  barren  and  inhospitable  land, 
<Mih  as  the  Falkland  Islanda,  where  even  the  light  horsee  of 
^  Plata  rapidly  decrease  in  she.     It  eeems  inipoHBible  to 
several  Eiiglisli  breeds  of  sheep  in  France;  for  as 
as  the  lambs  are  weanwl  their  rigour  decays  aa  the  heat 
of  the  summer  increases :"  it  would  be  impossible  to  ^ve 
great    length    of   wool  to  sheep  within  the   tropica;    yet 
selection  has  kept  the  Merino  bre«d  nearly  true  under  diver- J 
sified  and  unfavourable  conditions.     The  power  of  Belectioofl 
is  so  great,  that  breeds  of  the  dog,  sheep,  and  poultry,  of  tho^ 
largest  and  smallest  size,  long  and  short  beaked  pigeons,  and 
other  breeds  with  opposite  characters,  have  had  their  charao* 
teristic  qualities  augmented,  though  treated  in  every  way 
alike,  being  exposed  to  the  same  climate  and  fed  on  the  same 
food.     Selection,  however,  is  either  checked  or  favoured  by 
the  effects  of  use  or  habit.     Our  wonderfnlly-ifflproved  pigs 
could  never  have  been  formed  if  they  Irnd  been  forced  to 
search  for  their  own  food  ;  the  English  race-horse  and  grey- J 
hound  could  not  have  been  improved  up  to  their  present  hi^ 
standard  of  excellence  without  constant  training. 

As  conspicuous  deviations  of  structure  occur  rarely, 
improvement  of  each  breed  is  generally  the  result  of  t 
selection  of  slight  individual  differences.     Hence  the  c' 
attention,  the  sharpest  powers  of  observation,  and  indomitablsfl 
perseverance,  are  indispensable.     It  is,  also,  highly  important 

•■  Col.  U  Contear,  'Jouriul  Ro^.      Agricnlt.  Ssc,' Tol.  sir,,  1853,  pp.  Sit, 
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that  many  individuals  of  the  breed  which  is  to  be  improved 
shonld  be  raised ;  for  thus  there  will  be  a  better  chance  of  the 
appearance  of  variations  in  the  right  direction,  and  individuals 
varying  in  an  unfavourable  manner  may  be  freely  rejected  or 
destroyed.  But  that  a  large  number  of  individuals  should  be 
raised,  it  is  necessary  that  the  conditions  of  life  should  favour 
the  propagation  of  the  species.  Had  the  peacock  been  reared 
as  easily  as  the  fowl,  we  should  probably  ere  this  have  had 
many  distinct  races.  We  see  the  importance  of  a  large 
number  of  plants,  from  the  fact  of  nursery  gardeners  almost 
always  beating  amateurs  in  the  exhibition  of  new  varieties. 
In  1845  it  was  estimated  *3  that  between  4000  and  6000 
pelargoniums  were  annually  raised  from  seed  in  England,  yet 
a  decidedly  improved  variety  is  rarely  obtained.  At  Messrs. 
Carter*s  grounds,  in  Essex,  where  such  flowers  as  the  Lobelia, 
Nemophila,  Mignonette,  &c.,  are  grown  by  the  acre  for  seed, 
**  scarcely  a  season  passes  without  some  new  kinds  being 
raised,  or  some  improvement  effected  on  old  kinds."**  At 
Kew,  as  Mr.  Beaton  remarks,  where  many  seedlings  of  common 
plants  are  raised, "  you  see  new  forms  of  Laburnums,  Spiraeas, 
and  other  shrubs."  **  So  with  animals ;  Marshall,**  in  speak- 
ing of  the  sheep  in  one  part  of  Yorkshire,  remarks,  "  as  they 
belong  to  poor  people,  and  are  mostly  in  small  lots,  they  never 
can  be  improved."  Lord  Rivers,  when  asked  how  he  suc- 
ceeded in  always  having  first-rate  greyhounds,  answered,  "  I 
breed  many,  and  hang  many."  This,  as  another  man  remarks, 
**  was  the  secret  of  his  success  ;  and  the  same  will  be  found  in 
exhibiting  fowls, — successful  competitors  breed  largely,  and 
keep  the  be«t."  *^ 

It  follows  from  this  that  the  capacity  of  breeding  at  an 
early  age  and  at  short  intervals,  as  with  pigeons,  rabbits,  &c, 
facilitates  selection  ;  for  the  result  is  thus  soon  made  visible, 
and  perseverance  in  the  work  encouraged.  It  can  hardly  be 
an  accident  that  the  great  majority  of  the  culinary  and  agri- 
cultural plants  which  have  yielded  numerous  races  are  annuals 

"  *  Gardener's  Chronicle,'  1845,  p.  368. 

273.           *  ^*  *  A  Review  of  Reports,'  1808,  p. 

"  *  Jourmil  of  Horticulture,'  1862,  406. 

p.  157.  *'  *  Gardener's  Chronicle,'  1853,  p. 

«•  *Cottftgf    Gardener/    1860,    p.  45. 


2iJ2 


SELECTION. 


CUAE.  3 


or  bieimialB,  wiucL  therefore  arc  cajiable  of  mind  propagatjoi 
and  thue  of  improvemeut.     fJea-ka.lo,  asparugus,  oommon  a 
Jerusalem  erticLokcs.  (wtutoes.  and  onions,  must  lie  escepted^I 
aa  they  are  perennials :  but  onions  are  propagated  like  annualafW 
and  of  the  other  plants  just  specified,  none,  witb  the  exceptioiirl 
of  the  potato,  have  yielded  in  this  country  more  than  one  c 
two  varieties.    lu  the  Mediterranean  region,  where  artichokei 
are  often  raised  from  seed,  there  are  sevei'al  kinds,  aa  I  hen 
irom  Mr.  Benthani.     No  doubt  fruit-trees,  which  cannot  \ 
propagated  quickly  by  seed,  have  yielded  a  host  of  varietia 
though  not  permanent  raues ;  but  these,  judging  from  pra 
historic  remains,  ha\e  been  produced  at  a  comjiaratively  h 
period. 

A  species  may  be  highly  variable,  but  distinct  races  v 
not  be  formed,  if  from  any  cause  selection  be  not  applied. 
would  be  difficult  to  select  slight  variations  in  fishes  bom 
their  place  of  habitation  ;  and  though  the  ear]!  ia  extremely 
variable  and  ia  much  attended  to  in  Germany,  only  one  well- 
niarked  rat-e  has  been  formed,  as  I  hear  from  Lord  A.  RusseU, 
namely  the  tpiegel-carpe  ;  and  this  is  carefully  secluded  &om 
the  common  s<aly  kind.     On  the  oilier  hand,  a  closely  allied 
species,  the  gold-fish,  from  being  reared  in  smull  vesaele,  i 
from  having  been  carefully  attended  to  by  the  Chinese, 
yielded  majiy  races.     Neither  the  bee,  which  has  be«n  s 
domesticated  from  an  extremely  remote  period,  nor 
neal  insect,  which  was  cultivated  by  the  aboriginal  Slexicanu,**  ', 
baa  yielded  races ;  and  it  would  be  impossible  to  Dkatoli  tho  | 
queen-bee  with  auy  particular  drone,  and  most  difiicult  Ma 
match  cochineal  insects.     Silk-moths,  ou  the  other  htmd,liaTif 
been  subjected  to  rigorous  selection,  and  have  produced  ft  h(M 
of  races.     Cats,  which  from  their  nocturnal  habits  cannot  1 
selected  for  breeding,  do  not,  as  formerly  remarked,  yield  di» 
tinol   races   within    the   same   country.     Dogs  are   held  in 
abomination  in  the  East,  and  thc^ir  breeding  is  neglected; 
consequently,  as  Frof.  MoiiU  Wagner  *°  remarks,  one  kind 
alone  exists   there.     The  asa  in    England   varies  much  in 


•■  l>ia>ir«  aioHrajr  SuDl-HiUirc, 
•  HI>(.  Nit.  OcD.,'  torn.  iii.  p.  iV.  '  Oa 
Ih*  CechlDe&l  IukcI,'  p'  44  < 
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colour  a£d  size ;  but  as  it  is  an  animal  of  little  yalue  and 
bred  by  poor  people,  there  has  been  no  selection,  and  distinct 
races  have  not  been  formed.  We  must  not  attribute  the 
inferiority  of  our  asses  to  climate,  for  in  India  they  are  of 
even  smaller  size  than  in  Europe.  But  when  selection  is 
brought  to  bear  on  the  ass,  all  is  changed.  Near  Cordova,  as  I 
am  informed  (Feb.  1800)  by  Mr.  W.  E.  Webb,  C.E.,  they  are 
carefully  bred,  as  much  as  200Z.  having  been  paid  for  a 
stallion  ass,  and  they  have  been  immensely  improved.  In 
Kentucky,  asses  have  been  imported  (for  breeding  mules) 
from  Spain,  Malta,  and  France ;  these  "  seldom  averaged 
**  more  than  fourteen  hands  high :  but  the  Kentuckians,  by 
"  great  care,  have  raised  them  up  to  fifteen  hands,  and  some- 
"  times  even  to  sixteen.  The  prices  paid  for  these  splendid 
animals,  for  such  they  really  are,  will  prove  how  much  they 
are  in  request.  One  niale,  of  great  celebrity,  was  sold  for 
*'  upwards  of  one  thousand  pounds  sterling."  These  choice 
asses  are  sent  to  cattle-shows,  a  day  being  given  for  their 
exhibition.^** 

Analogous  facts  have  been  observed  with  plants :  the 
nutmeg-tree  in  the  Malay  archipelago  is  highly  variable,  but 
there  has  been  no  selection,  and  there  are  no  distinct  races.** 
The  common  mignonette  (^Beseda  odorata),  from  bearing  in- 
conspicuous flowers,  valued  solely  for  their  fragrance, "  remains 
"  in  the  same  unimproved  condition  as  when  first  intro- 
"duced."**  Our  common  forest-trees  are  very  variable,  as 
may  be  seen  in  every  extensive  nursery-ground ;  but  as  they 
are  not  valued  like  fruit-trees,  and  as  they  seed  late  in  life, 
no  selection  has  been  applied  to  them ;  consequently,  aa  Mr. 
Patrick  Matthews  remarks,*^  they  have  not  yielded  distinct 
races,  leafing  at  diffei*ent  periods,  growing  to  different  sizes, 
and  producing  timber  fit  for  different  purposes.  Wo  have 
gained  only  some  fanciful  and  semi-monstrous  varieties, 
which  no  doubt  appeared  suddenly  as  we  now  see  them. 

Some  botanists  have  argued  that  plants   cannot  have   so 

*•  Capt.  M.irryat,  quoted  by  Blyth  64.*). 
in  *Journ.  Asi.itic  Soc.    of  UcDgal,'  "  Mr.  Abbey,  in  *  Journal  of  Horti- 

voi.  xxviii.  p.  229.  culture,'  Dec.  1,  1863,  p.  430. 

»>  Mr.    Oxley,    'Journal     of   the  "  *0n   Naval  Timber,'   1831,    p. 

Indian  Archipelago,'  vol.  ii.,  1848,  p.  107. 
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Btrong  a  tendency  to  vary  ait  ia  generally  auppoeed,  becauoe 
many  spedea  long  grown  in  botanic  gardens,  or  anintontion- 
ally  cultivated  year  after  year  mingled  with  our  com  cropa, 
have  not  produced  distinct  races;  but  this  is  accounted  for 
by  Blight  variatiouH  not  having  been  selected  and  propagated. 
Let  a  plant  which  in  now  grown  in  a  botanic  garden,  or  any 
common  weed,  be  oultivated  on  a  large  scale,  and  let  a  sharp- 
sighted  gardener  louk  out  for  each  slight  variety  and  bow  tlio 
seed,  and  then,  if  distinct  races  are  not  produced,  the  argument 
will  be  valid. 

The  importance  of  Belection  is  likewise  shown  by  oonsid 
ing  special  oharacters.  Tot  instance,  with  moet  breeds 
fowls  the  form  of  the  comb  and  the  colour  of  the  plumage 
hare  been  attended  to,  and  are  eminently  characteriBtic  of 
each  race;  bnt  in  Dorkings,  fashion  has  never  demanded 
uniformity  of  comb  or  colour;  and  the  utmost  diversity  in 
these  reBpeets  prevails.  Itose-oombs,  double-combe,  cup-combe, 
&c.,  and  colours  of  all  kinds,  may  be  seen  in  purely  bred 
closely  related  Dorking  fowls,  whilst  other  points,  endi 
the  general  form  of  body,  and  the  presence  uf  an  additii 
toe,  have  been  attended  to,  and  are  invariably  present. 
hoB  also  been  ascertained  that  colour  can  be  fixed  i 
breed,  as  well  as  in  any  other." 

During  the  formation  or  improvement  of  a  bre< 
members  will  always  be  found  to  vary  much  in 
characters  to  which  especial  attention  is  directed,  and 
which  each  slight  improvement  is  eagerly  sought  and  sell 
Thus,  with  short-faced  tumbler-pigeons,  the  shortness  of 
beak,  shape  of  head  and  plumago.^with  carriers,  the  lenj 
of  the  beak  and  wattle,— with  fautails,  the  tail  and 
— with  Spanish  fowls,  the  white  face  and  comb, — with  lonL 
eared  rabbits,  the  length  of  ear,  are  all  points  which  ara 
eminently  variable.  So  it  is  in  every  case ;  and  the  largo 
price  paid  for  first-rate  animals  proves  the  difficulty  of  brdod- 
ing  them  up  to  the  highest  standard  of  excellence.  This 
subject  has  been  discossed    by  fanciers,''  and  the   greater 


'■  Mr.B.>l;,iii 'llcl-gullryChro- 

it,'  Tci.  ii.,  iaat,  p.  l^U.    Al» 

.  i.  p.  3*2  i  vol.  ill  p.  a*5. 
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prizes  given  for  highly  improved  breeds,  in  comparison  with 
those  given  for  old  breeds  which  are  not  now  undergoing 
rapid  improvement,  have  been  fully  justified.  Nathusius 
makes  ^^  a  similar  remark  when  discussing  the  less  uniform 
character  of  improved  Shorthorn  cattle  and  of  the  English 
horse,  in  oompanson,  for  example,  with  the  unennobled  cattle 
of  Hungary,  or  with  the  horses  of  the  Asiatic  steppes.  This 
want  of  uniformity  in  the  parts  which  at  the  time  are  under- 
going selection  chiefly  depends  on  the  strength  of  the  prin- 
ciple of  reversion;  but  it  likewise  depends  to  a  certain 
extent  on  the  continued  variability  of  the  parts  which  have 
recently  varied.  That  the  same  parts  do  continue  varying 
in  the  same  manner  we  must  admit,  for  if  it  were  not  so, 
there  could  be  no  improvement  beyond  an  early  standard  of 
excellence,  and  we  know  that  such  improvement  is  not  only 
possible,  but  is  of  general  occurrence. 

As  a  consequence  of  continued  variability,  and  more  espe- 
cially of  reversion,  all  highly  improved  races,  if  neglected  or 
not  subjected  to  incessant  selection,  soon  degenerate.  Youatt 
gives  a  curious  instance  of  this  in  some  cattle  formerly  kept 
in  Glamorganshire ;  but  in  this  case  the  cattle  were  not  fed 
with  sufficient  care.  Mr.  Baker,  in  his  memoir  on  the  Horse, 
sums  up :  "  It  must  have  been  observed  in  the  preceding 
*'  pages  that,  whenever  there  has  been  neglect,  the  breed  has 
"  proportionally  deteriorated."  *^  If  a  considerable  number 
of  improved  cattle,  sheep,  or  other  animals  of  the  same  race, 
were  allowed  to  breed  freely  together,  with  no  selection,  but 
with  no  change  in  their  condition  of  life,  there  can  be  no 
doubt  that  after  a  score  or  hundred  generations  they  would 
be  very  far  from  excellent  of  their  kind ;  but,  from  what  we 
see  of  the  many  common  raoes  of  dogs,  cattle,  fowls,  pigeons, 
Ac,  which  without  any  particular  care  have  long  retained 
nearly  the  same  character,  we  have  no  grounds  for  believing 
that  they  would  altogether  depart  from  their  type. 

It  is  a  general  belief  amongst  breeders  that  characters  of 
all  kinds  become  fixed  by  long-continued  inheritance.     But  I 

**  *  Ueber  Shorthorn  Rindvieh,'  720.  For  the  Glamorganshire  cattle, 
1857,  8.  51.  see  Vouatt  on  Cattle,  p.  51 

•'  *The  Veterinarjr,*  vol.   xiii.   p. 


have  attempted  1o  show  in  the  fourteenth  chapter  that 
belief  apparently  reaolvee  itself  inttt  the  following  proposition, 
namely,  that  all  characters  whatever,  whether  recently 
acquired  or  ancient,  tend  to  be  transmitted,  hut  that  thow 
which  have  already  long  withstood  all  counteracting 
fluences,  will,  ae  a  general  rule,  continue  to  withstand  tl 
and  consequently  be  faithfully  traueniitted. 

Tendency  in  Man  to  carry  the  practice  of  Selection  lo  an  utrMHj 

It  ie  an  important  principle  that  in  the  process  of  scleotic 
man  almost  invariably  wishes  to  go  to  an  extremo  point. 
Thus,  there  is  no  limit  to  his  desire  to  breed  certain  kinds  of 
horses  and  dogs  as  fleet  as  possible,  and  othi-i-s  as  strong  as 
possible ;  certain  kinds  of  sheep  fur  extreme  fineness,  and 
others  for  eitreme  length  of  wool ;  and  he  wishes  to  prodnoe 
fruit,  grain,  tubers,  and  other  useful  parts  of  plants,  as  large 
and  excellent  as  potseible.  With  aniniala  bred  fur  uninwnien^ 
the  same  principle  is  even  more  powerftil ;  for  faaliios, 
in.  our  dress,  always  runs  to  extremes.  Tliis  view 
expressly  admitted  by  fancierit.  Inetanoes  were  giv 
chapters  on  the  pigeon,  but  hero  is  another :  Hr.  Eaton,  aftur' 
descjibing  a  comi»rotively  new  variety,  namely,  the  Arch- 
angel, remarks,  "  What  fanciers  intend  doing  with  thia  bird 
"  I  am  at  a  loss  to  know,  whether  they  intend  to  breed  it 
"  down  to  the  tumbler's  head  and  beak,  or  oany  it  out  to  tile 
"  carrier's  head  and  beak ;  leaving  it  as  they  found  it,  is  not 
*'  progressing."  Ferguson,  speaking  of  fowls,  says,  '■  their 
"  peculiarities,  whatever  they  may  be,  must  neceaearily  fav 
"  fully  developed :  a  little  peculiarity  forms  nought  tntt 
"  ugliness,  seeing  it  violates  the  existing  laws  of  syntmetry."' 
Bo  Mr.  Brent,  in  diBcnsaing  the  merits  of  the  sub-varietie*  t$i 
the  Belgian  canary-bird,  remarks,  "  Fanciers  always  go 
"  extremes ;  they  do  not  admire  indefinite  properties-"  '* 

This   principle,  which  neoeasarily  leads  to  diverg«DOe 
character,  explains   the    present  state  of    various  doinesl 
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races.  Wo  can  thus  see  how  it  is  that  race-horses  and  dray- 
horses,  greyhounds  and  mastifife,  which  are  opposed  to  each 
other  in  every  character, — how  varieties  so  distinct  as  Cochin- 
china  fowls  and  hantams,  or  carrier-pigeons  with  very  long 
beaks,  and  tumblers  with  excessively  short  beaks,  have  been 
derived  from  the  same  stock.  As  each  breed  is  slowly  im- 
proved, the  inferior  varieties  are  first  neglected  and  finally 
lost.  In  a  few  cases,  by  the  aid  of  old  records,  or  from  inter- 
mediate varieties  still  existing  in  countries  where  other 
fashions  have  prevailed,  we  are  enabled  partially  to  trace  the 
graduated  changes  through  which  certain  breeds  have  passed. 
Selection,  whether  methodical  or  unconscious,  always  tending 
towards  an  extreme  point,  together  with  the  neglect  and  slow 
extinction  of  the  intermediate  and  less-valued  forms,  is  the 
key  which  unlocks  the  mystery  of  how  man  has  produced 
such  wonderful  results. 

In  a  few  instances  selection,  guided  by  utility  for  a  single 
purpose,  has  led  to  convergence  of  character.  All  the  im- 
proved and  diflferent  races  of  the  pig,  as  Nathusius  has  well 
shown,**  closely  approach  each  other  in  character,  in  their 
shortened  legs  and  muzzles,  their  almost  hairless,  large, 
rounded '  bodies,  and  small  tusks.  We  see  some  degree  of 
convergence  in  the  similar  outline  of  the  body  in  well-bred 
cattle  belonging  to  distinct  races.^^  I  know  of  no  other  such 
cases. 

Continued  divergence  of  character  depends  on,  and  is  indeed 
a  clear  proof,  as  previously  remarked,  of  the  same  part-s  con- 
tinuing to  vary  in  the  same  direction.  The  tendency  to  mere 
general  variability  or  plasticity  of  organisation  can  certainly 
be  inherited,  even  from  one  parent,  as  has  been  shown  by 
Griirtner  and  Kolreuter,  in  the  production  of  varying  hybrids 
from  two  species,  of  which  one  alone  was  variable.  It  is  in 
itself  probable  that,  when  an  organ  has  varied  in  any  manner, 
it  will  again  vary  in  the  same  manner,  if  the  conditions  which 
first  caused  the  being  to  vary  remain,  as  far  as  can  bo  judged, 
the  same.     This  is  either  tacitly  or  expressly  admitted  by  all 

»•  *  Die  Racen  des  Schweines,*  1860,       head  by  M.  de  Quatrefages,  ♦  UniW  d« 
g.  48.  r£8p^cc  Humaine,'  1861,  p.  119. 
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borlicultuiists :  if  a  gardener  observes  one  or  two  additioDAl 
petals  in  a,  flower,  he  feels  confident  tliat  in  a  few  generatit 
lie  will  be  able  to  raiee  a  double  flower,  crowded  with  pet 
Some  of  the  seedliogs  from  the  weeping  Moccaa  oak  were 
pruatrate  that  they  only  crawled  along  the  ground.  A  eeedlintf' 
from  the  fastigate  or  upright  Irish  yew  iB  described  aa  difie^ 
ing  greatly  from  the  parent-form  "  by  the  exaggeration  irf 
the  faatigate  habit  of  its  brauchtiH."  "'  Mr.  Sbirreff,  who  has 
been  highly  succeeaful  in  raiding  newltinda  of  wheat,  remarks, 
"  A  good  variety  may  safely  lie  regarded  as  the  forerunner  of 
a  better  one,"  "  A  great  roee-grower.  Mr,  Rivera,  has  mad« 
the  same  remark  *!th  rcepect  to  roaee.  Sageret,'*  who 
large  experiCDce.  in  Bpoaking  of  the  future  progress  of  frull 
trees,  observes  that  the  most  important  principle  is  "  tliat 
more  plants  have  departed  from  their  original  type,  the 
they  tend  to  depart  from  it."  There  is  apparently  much 
trntli  in  this  remark ;  for  we  can  in  no  other  way  underatand 
the  surprising  amount  of  difference  between  varieties  in  the 
parts  or  qualities  which  are  valned,  whilst  other  parts  retun 
nearly  their  original  character. 

The  foregoing  discussion  naturally  leads  to  the  queatioOf 
what  is  the  limit  to  the  possible  amount  of  variation  in  any 
part  or  quality,  and,  consequently,  is  there  any  limit  to  what 
selection  can  effect  ?     Will  a  race-liorse  ever  be  reared  fleeter 
than  Eclipse?     Can  our  priie-catlle  and  sheep  be  still  further 
improved?     Will  a  gooseberry  ever  weigh  more  than  that 
produced   by   "London"   in   1852?      Will  the   beet-root 
France  yield  a  greater  percentage  of  sugar?      Will  fatam] 
varietiee  of  wheat  and  other  grain  produce  heavier  crops  tin 
our  present  varieties  ?     These  questions  cannot  be  positivi 
answered;  but  it  is  certain  that  we  ought  to  be  cautious 
anaweriug  them  by  a  negative.     In  some  lines  of  variatii 
the  limit  has  probably  been  reached.     Youatt  believea 
the  reduction  of  bone  ia  some  of  our  tiheep  has  already 
oan-iod  so  far  that  it  entAils  great  delicacy  of  constitution.* 
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But  seeing  the  great  improvement  within  recent  times  in  our 
cattle  and  sheep,  and  especially  in  our  pigs;  seeing  the 
wonderful  increase  in  weight  in  our  poultry  of  all  kinds 
during  the  last  few  years;  he  would  be  a  bold  man  who 
would  assert  that  perfection  has  been  reached.  It  has  often 
been  said  that  Eclipse  never  was,  and  never  will  be,  beaten  in 
speed  by  any  other  horse;  but  on  making  inquiries  I  find 
that  the  best  judges  believe  that  our  present  race-horses  are 
fleeter.**  The  attempt  to  raise  a  new  variety  of  wheat  more 
productive  than  the  many  old  kinds,  might  have  been  thought 
until  lately  quite  hopeless;  but  this  has  been  effected  by 
Major  Hallett,  by  careful  selection.  With  respect  to  almost 
all  our  animals  and  plants,  those  who  are  best  qualified  to 
judge  do  not  believe  that  the  extreme  point  of  perfection  has 
yet  been  reached  even  in  the  characters  which  have  already 
been  carried  to  a  high  standard.  For  instance,  the  short- 
faced  tumbler-pigeon  has  been  greatly  modified ;  nevertheless, 
according  to  Mr.  Eaton,*^  ''  the  field  is  still  as  open  for  fresh 
competitors  as  it  was  one  hundred  years  ago."  Over  and 
over  again  it  has  been  said  that  perfection  had  been  attained 
with  our  flowers,  but  a  higher  standard  has  soon  been  reached. 
Hardly  any  fruit  has  been  more  improved  than  the  straw- 
herry,  yet  a  great  authority  remarks,*^  "  it  must  not  be 
concealed  that  we  are  far  from  the  extreme  limits  at  which 
we  may  arrive." 

No  doubt  there  is  a  limit  beyond  which  the  organisation 
cannot  be  modified  compatibly  with  health  or  life.  The 
extreme  degree  of  fleetness,  for  instance,  of  which  a  terrestrial 
animal  is  capable,  may  have  been  acquired  by  our  present 
race-horses;  but  as  Mr.  Wallace  has  well  remarked,*^  the 
question  that  interests  us,  "  is  not  whether  indefinite  and  un- 
"  limited  change  in  any  or  all  directions  is  possible,  but 
"  whether  such  differences  as  do  occur  in  nature  could  have 
"  been  produced  by  the  accumulation  of  varieties  by  selection." 
And  in  the  case  of  our  domestic  productions,  there  can  be  no 

"See    also    Stonehenge,   *  British  Chron.,' 1858,  p.  173. 
Rural  Sports,*  edition  of  1871,  p.  384.  ••  *  Contributions  to  the  Theory  of 

••  *A    Treatise    on    the    Almond  Natural  Selection/  2nd  edit.,  1871, 

Tumblar,'p.  i.  p.  292. 

*'  M.    J.    de    Jonghe,    in   *Qard. 
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doubt  that  many  parts  of  the  organisation,  to  which  man  has 
attended,  have  been  thus  modified  to  a  greater  degree  than 
the  corresponding  parts  in  the  natural  species  of  the  same 
genera  or  even  families*  We  see  this  in  the  form  and  size 
of  our  light  and  heavy  dogs  or  horses, — in  the  beak  and  many 
other  characters  of  our  pigeons, — in  the  size  and  quality  of 
many  fruits, — in  comparison  with  the  species  belonging  to 
the  same  natural  groups. 

Time  is  an  important  element  in-  the  formation  of  onr 
domestic  races,  as  it  permits  innumerable  individuals  to  be 
born,  and  these  when  exposed  to  diversified  conditions  are 
rendered  variable.  Methodical  selection  has  been  occasionally 
practised  from  an  ancient  period  to  the  present  day,  even  by 
semi-civilised  people,  and  during  former  times  will  have  pro- 
duced some  effect.  Unconscious  selection  will  have  been  still 
more  effective;  for  during  a  lengthened  period  the  more 
valuable  individual  animals  will  occasionally  have  been 
saved,  and  the  less  valuable  neglected.  In  the  course  of  time, 
different  varieties,  especially  in  the  less  civilised  countries, 
will  also  have  been  more  or  less  modified  through  natural 
selection.  It  is  generally  believed,  though  on  this  head  we 
have  little  or  no  evidence,  that  new  characters  in  time  be- 
come fixed ;  and  after  having  long  remained  fixed  it  seems  pos- 
sible that  under  new  conditions  they  might  again  be  rendered 
variable. 

How  great  the  lapse  of  time  has  been  since  man  first  do- 
mesticated animals  and  cultivated  plants,  we  begin  dimly  to 
see.  When  the  lake-dwellings  of  Switzerland  were  inhabited 
during  the  Neolithic  period,  several  animals  were  already 
domesticated  and  various  plants  cultivated.  The  science  of 
language  tells  us  that  the  art  of  ploughing  and  sowing  the 
land  was  followed,  and  the  chief  animals  had  been  already 
domesticated,  at  an  epoch  so  immensely  remote,  that  the 
Sanskrit,  Greek,  Latin,  Gothic,  Celtic,  and  Sclavonic  languages 
had  not  as  yet  diverged  from  their  common  parent-tongue.** 

It  is  scarcely  possible  to  overrate  the  effects  of  selection 
occasionally  carried  on  in  various  ways  and  places  during 
thousands  of  generations.     All  that  we  know,  and,  in  a  still 

••  Max  Muller,  'Science  of  Language,*  1861,  p.  223. 
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stronger  degree,  all  that  wo  do  not  knowj^  of  the  history  of 
the  great  majority  of  our  breeds,  even  of  our  more  modem 
breeds,  agrees  with  the  view  that  their  production,  through 
the  action  of  unconscious  and  methodical  selection,  has  been 
almost  insensibly  slow.  When  a  man  attends  rather  more 
closely  than  is  usual  to  the  breeding  of  his  animals,  he  is 
almost  sure  to  imjDrove  them  to  a  slight  extent.  They  are 
in  consequence  valued  in  his  immediate  neighbourhood,  and 
are  bred  by  others  ;  and  their  characteristic  features,  whatever 
these  may  be,  will  then  slowl}^  but  steadily  be  increased, 
sometimes  by  methodical  and  almost  always  by  unconscious 
selection.  At  last  a  strain,  deserving  to  be  called  a  sub- variety, 
becomes  a  little  more  widely  known,  receives  a  local  name, 
and  spreads.  The  spreading  will  have  been  extremely  slow 
during  ancient  and  less  civilised  times,  but  now  is  rapid. 
By  the  time  that  the  new  breed  had  assumed  a  somewhat 
distinct  character,  its  history,  hardly  noticed  at  the  time, 
will  have  been  completely  forgotten ;  for,  as  Low  remarks,^^ 
"  wo  know  how  quickly  the  memory  of  such  events  is 
effaced." 

As  soon  as  a  new  breed  is  thus  formed,  it  is  liable  through 
the  same  process  to  break  up  into  new  strains  and  sub- 
varieties.  For  different  varieties  are  suited  for,  and  are 
valued  under,  different  circumstances.  Fashion  changes,  but, 
should  a  fashion  last  for  even  a  moderate  length  of  time,  bo 
strong  is  the  principle  of  inheritance,  that  somo  effect  will 
probably  be  impressed  on  the  breed.  Thus  varieties  go  on 
increasing  in  number,  and  history  shows  us  how  wonderfully 
they  have  increased  sinco  the  earliest  records.'^  As  each 
new  variety  is  produced,  the  earlier,  intermediate,  and  loss 
valuable  forms  will  bo  neglected,  and  perish.  When  a  breed, 
from  not  being  valued,  is  kept  in  small  numbers,  its  extinc- 
tion almost  inevitably  follows  sooner  or  later,  either  from 
accidental  causes  of  destruction  or  from  close  interbreeding ; 
and  this  is  an  event  which,  in  the  case  of  well-marked  breeds, 
excites  attention.  The  birth  or  production  of  a  new  domestic 
race  is  so  slow  a  pnxjcss  that  it  escapes  notice ;  its  death  or 

»•  Youatt  on  Cattle,  pp.  116,  128.  '*  Volz,  ^Beitrilffe   lur  Kulturgi*. 

»»  *  Domesticated  Animali,*  p.  ISa       ichichte,'  1852,  i.  99  etpasfim. 
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destruction  is  comparatively  sudden,  is  often  recorded,  and 
when  too  late  sometimes  regretted. 

Several  authors  have  drawn  a  wide  distinction  between 
artificial  and  natural  races.  The  latter  are  more  uniform  in 
character,  possessing  in  a  high  degree  the  appearance  of 
natural  species,  and  are  of  ancient  origin.  They  are  generally 
found  in  less  civilised  countries,  and  have  probably  been 
largely  modified  by  natural  selection,  and  only  to  a  small 
extent  by  man's  unconscious  and  methodical  selection.  They 
have,  also,  during  a  long  period,  been  directly  acted  on  by 
the  physical  conditions  of  the  countries  which  they  inhabit. 
The  so-called  artificial  races,  on  the  other  hand,  are  not  so 
uniform  in  character ;  some  have  a  semi-monstrous  character, 
such  as  "  the  wry-legged  terriers  so  useful  in  rabbit-shoot- 
jjjg  "73  turnspit  dogs,  ancon  sheep,  niata  oxen,  Polish  fowls, 
fantail-pigeons,  &c. ;  their  characteristic  features  have  gene- 
rally been  acquired  suddenly,  though  subsequently  increased 
by  careful  selections  in  many  cases.  Other  races,  which 
certainly  mia^t  be  called  artificial,  for  they  have  been  largely 
modified  by  methodical  selection-  and  by  crossing,  as  the 
English  •  race-horse,  terrier-dogs,  the  English  game-cock, 
Antwerp  carrier-pigeons,  &c.,  nevertheless  cannot  be  said  to 
have  an  unnatural  appearance ;  and  no  distinct  line,  as  it 
seems  to  me,  can  be  drawn  between  natural  and  artificial 
races. 

It  is  not  surprising  that  domestic  races  should  generally 
present  a  diflfercnt  aspect  from  natural  species.  Man  selects 
and  propagates  modifications  solely  for  his  own  use  or  fancy, 
and  not  for  the  creature's  own  good.  His  attention  is  struck 
by  strongly  marked  modifications,  which  have  appeared 
suddenly,  due  to  some  great  disturbing  cause  in  the  organi- 
sation. He  attends  almost  exclusively  to  external  characters  ; 
and  when  he  succeeds  in  modifj'ing  internal  organs, — when 
for  instance  he  reduces  the  bones  and  offal,  or  loads  the  viscera 
with  fat,  or  gives  early  maturity,  <fcc., — the  chances  are 
strong  that  he  will  at  the  same  time  weaken  the  constitution. 
On  the  other  hand,  when  an  animal  has  to  struggle  through- 
out its  life  with  many  competitors    and    enemies,   under 

"  Blaine,  *Encyclop.  of  Rural  Sports,*  p.  213. 
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ciroumstanoes  inoonoeivably  complex  and  liable  to  change, 
modifications  of  the  most  varied  nature  in  the  internal  organs 
as  well  as  in  external  characters,  in  the  functions  and  mutual 
relations  of  parts,  will  be  rigorously  tested,  preserved,  or 
rejected.  Natural  selection  often  checks  man's  comparatively 
feeble  and  capricious  attempts  at  improvement ;  and  if  it  were 
not  so,  the  result  of  his  work,  and  of  nature's  work,  would  be 
oven  still  more  different.  Nevertheless,  we  must  not  overrate 
the  amount  of  difference  between  natural  species  and  domestic 
races ;  the  most  experienced  naturalists  have  often  disputed 
whether  the  latter  are  descended  from  one  or  from  several 
aboriginal  stocks,  and  this  clearly  shows  that  there  is  no 
palpable  difference  between  species  and  races. 

Domestic  races  propagate  their  kind  far  more  tnily,  and 
endure  for  much  longer  periods,  than  most  naturalists  are 
willing  to  admit.  Breeders  feel  no'doubt  on  this  head  :  ask 
a  man  who  lias  long  reared  Shorthorn  or  Hereford  cattle, 
Leicester  or  Southdown  sheep,  Spanish  or  Qame  poultry, 
tumbler  or  carrier-pigeons,  whether  these  races  may  not  have 
been  derived  from  common  progenitors,  and  he  will  probably 
laugh  you  to  scorn.  The  breeder  admits  that  he  may  hope 
to  produce  sheep  with  finer  or  longer  wool  and  with  better 
carcases,  or  handsomer  fowls,  or  carrier-pigeons  with  beaks 
just  perceptibly  longer  to  the  practiseil  eye,  and  thus  be 
successful  at  an  exhibition.  Thus  far  ho  will  go,  but 
no  farther.  He  does  not  reflect  on  what  follows  from 
adding  up  during  a  long  course  of  time  many  slight, 
successive  modificatiions ;  nor  does  he  reflect  on  the  former 
existence  of  numerous  varieties,  connecting  the  links  in  each 
divergent  line  of  descent.  He  concludes,  as  was  shown  in 
the  earlier  chapters,  that  all  the  chief  breeds  to  which  he 
has  long  attended  are  aboriginal  productions.  The  systematic 
naturalist,  on  the  other  hand,  who  generally  knows  nothing 
of  the  art  of  breeding,  who  docs  not  protend  to  know  how 
and  when  the  several  domestic  races  were  formed,  who  cannot 
have  seen  the  intermediate  gradations,  fur  Ihey  do  not  now 
exist,  nevertheless  feels  no  doiibt  that  these  races  are  sprung 
from  a  single  source.  But  ask  him  whether  the  closely 
allied  natural  speoioe  which  ho  has  studied  may  not  have 
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SemxDd*id  h^Mn  a  oamsusik  prc^gcni^cr.  atzid  be  in  ids  tmnt  ^wiU 
j0ahMjM  T^^/wX  the  ix^xm  wiiii  soc^m.    Thas^  the 

fhimmuoy  om  Selu^icm  h^  Mam. — TLtTE-  ckn  be  no  dc^^abt  that 
mietiiodical  SfAfbcti*jn  has  eEtcxed.  axjd  will  effect  woDderfbl 
n^ulu.     It  was  oocaaonallT  pracxided  in  aiKsent  times,  and 
i«  «till  practued  br  fiemi-civilised  p«eic>ple.     Cbaiacters  of  the 
higb&st  importance,  and  others  of  trifling  Taine.  bare  been 
atUrnded  to,  and  modi&ed.     I  need  not  here  repeat  what  has 
Ijeen  so  often  said  on  the  part  which  nnoonscions  selection 
baa  played :  we  ^ee  ita  power  in  the  difference  between  flocks 
whi'  h  have  been  separatelr  bred,  and  in  the  alow  changes, 
as  circumstances  bare  slowly  changed,  which  many  ^nim^lff 
have   undergone  in  the  same  coon  try.  or  when   transported 
into  a  foreign  land.     We  see  the  combined  effects  of  methodi- 
r'al    and    nnconscions    selection,   in   the    great    amount    of 
diffenmce  in  those  jjart8  or  qualities  which  are  valued  by  man 
in  cr>mpariiKm   with   the   parta   which   are  not  valued,  and 
cons^y|m?rjtly  have  not  been  attended  to.     Natural  selection 
oft^n  determines  man's  power  of  selc'Ction.      We  sometimes 
err  in  imagining  that   characters,  which  are   considered  aa 
uninifXirtant    by   the    systematic    naturalist,   could    not  be 
af^tii^A  by  the  struggle  for  existence,  and  could  not  be  acted 
on  hy  natural  selection ;  Vmt  striking  cases  have  been  given, 
showing  how  great  an  error  this  is. 

The  jKjssihility  of  selection  coming  into  action  rests  on 
variability;  and  this  is  mainly  caused,  as  we  shall  hereafter 
HfHi,  by  changes  in  the  conditions  of  life.  Selection  is  some- 
tinies  ronderr^l  difficult,  or  even  impossible,  by  the  conditions 
iK.'ing  opiHfHinl  to  the. desired  character  or  quality.  It  is 
s^jmetimes  chec;ked  by  the  lessened  fertility  and  weakened 
institution  which  follow  from  long-continued  close  inter- 
breeding. That  methodical  selection  ma}'  l>e  successful,  the 
closest  attention  and  discernment,  combined  with  imwearied 
patience,  are  absolutely  necessary;  and  these  samo  qualities, 
though  not  indisfKjnsable,  are  highl}'  ser\'iceable  in  the  case 
of  unconscious  selection.  It  is  almost  necessary  that  a  large 
numlxT  of  individuals  should  be  reared ;  for  thus  there  will 
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be  a  fair  chance  of  variations  of  the  desired  nature  arising, 
and  of  every  individual  with  the  slightest  blemish  or  in  any 
degree  inferior  being  freely  rejected.  Hence  length  of  time 
is  an  important  element  of  success.  Thus,  also,  reproduction 
at  an  early  age  and  at  short  intervals  favours  the  work. 
Facility  in  pairing  animals,  or  their  inhabiting  a  confined 
area,  is  advantageous  as  a  check  to  free  crossing.  Whenever 
and  wherever  selection  is  not  practised,  distinct  races  are  not 
formed  within  the  same  country.  When  any  one  part  of  the 
body  or  one  quality  is  not  attended  to,  it  remains  either  un- 
changed or  varies  in  a  fluctuating  manner,  whilst  at  the  same 
time  other  parts  and  other  qualities  may  become  permanently 
and  greatly  modified.  But  from  the  tendency  to  reversion  and 
to  continued  variability,  those  parts  or  organs  which  are  now 
undergoing  rapid  improvement  through  selection,  are  likewise 
found  to  vary  much.  CJonsequently  highly-bred  animals  when 
neglected  soon  degenerate ;  but  we  have  no  reason  to  believe 
that  the  effects  of  long- con  tinned  selection  would,  if  the  con- 
ditions of  life  remained  the  same,  be  soon  and  completely  lost. 
Man  always  tends  to  go  to  an  extreme  point  in  the  selection, 
whether  methodical  or  unconscious,  of  all  useful  and  pleasing 
qualities.  This  is  an  important  principle,  as  it  leads  to  con- 
tinued divergence,  and  in  some  rare  cases  to  convergence  of 
character.  The  possibility  of  continued  divergence  rests  on 
the  tendency  in  each  part  or  organ  to  go  on  varying  in  the 
same  manner  in  which  it  has  already  varied ;  and  that  this 
occurs,  is  proved  by  the  steady  and  gradual  improvement  of 
many  animals  and  plants  during  lengthened  periods.  The 
principle  of  divergence  of  character,  combined  with  the 
neglect  and  final  extinction  of  all  previous,  less-valued,  and 
intermediate  varieties,  explains  the  amount  of  difference  and 
the  distinctness  of  our  several  races.  Although  we  may  have 
reached  the  utmost  limit  to  which  certain  characters  can  be 
modified,  yet  we  are  far  from  having  reached,  as  we  have 
good  reason  to  believe,  the  limit  in  the  majority  of  cases. 
Finally,  from  the  difference  between  selection  as  carried  on 
by  man  and  by  nature,  wo  can  understand  how  it  is  that 
domestic  races  often,  though  by  no  means  always,  dificr  in 
general  aspect  from  closely  allied  natural  species. 
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Throughout  this  chapter  and  elsewhere  I  have  spoken  of 
selection  as  the  paramount  power,  yet  its  action  absolutely 
depends  on  what  we  in  our  ignorance  c&ll  spontaneous  or 
accidental  variability.  Let  an  architect  bo  compelled  to 
build  an  edifice  with  uncut  stones,  fallen  from  a  precipice. 
The  shape  of  each  fragment  may  be  called  accidental ;  yet 
the  shape  of  each  has  been  det<3rmined  by  the  force  of  gravity, 
the  nature  of  the  rock,  and  the  slope  of  the  precipice, — events 
and  circumstances,  all  of  which  depend  on  natural  laws ;  but 
there  is  no  relation  between  these  laws  and  the  purpose  for 
which  each  fragment  is  used  by  the  builder.  In  the  same 
manner  the  variations  of  each  creature  are  determined  by 
fixed  and  immutable  laws ;  but  these  bear  no  relation  to  the 
living  structure  which  is  slowly  built  up  through  the  power 
of  selection,  whether  this  be  natural  or  artificial  selection. 

If  our  architect  succeeded  in  rearing  a  noble  edifice,  using 
the  rough  wedge-shaped  fragments  for  the  arches,  the  longer 
stones  for  the  lintels,  and  so  forth,  we  should  admire  his  skill 
even  in  a  higher  degree  than  if  he  had  used  stones  shaped  for 
the  purpose.  So  it  is  with  selection,  whether  applied  by 
man  or  by  nature ;  for  although  variability  is  indispensably 
necessary,  yet,  when  we  look  at  some  highly  complex  and 
excellently  adapted  organism,  variability  sinks  to  a  quite 
subordinate  position  in  importance  in  comparison  with  selec- 
tion, in  the  same  manner  as  the  shape  of  each  fragment  used 
by  our  supposed  architect  is  unimportant  in  comparison  with 
his  skill. 
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CAUSES   OF  VARIABILITY. 

VABIADILITY  DOES  NOT  NECESSARILY  ACOOMPANT  REPRODUCTION — CAUSES 
ASSIGNED  BY  VARIOUS  AUTHORS — ^INDIVIDUAL  DIFFERENCES — VARLAJ8ILITY 
OF  E\'ERY  KIND  DUE  TO  CHANGED  CONDITIONS  OF  LIFE — ON  THE  NATURE 
OF  SUCH  CHANGES — CLIMATE,  FOOD,  EXCESS  OF  NUTRIMENT  —  SLIGHT 
CHANGES  SLTFICIENT — EFFECTS  OF  GRAFTING  ON  THE  VARIABILITY  OF 
SEEDLING  -  TREES  —  DOMESTIC  PRODUCTIONS  BECOME  HABITUATED  TO 
CHANGED  CONDITIONS— ON  THE  ACCUMULATIVE  ACTION  OF  CHANGED 
CONDITIONS— CLOSE  INTERBREEDING  AND  THE  IMAGINATION  OF  THE 
MOTHER  SUPPOSED  TO  CAUSE  VARIABILITY— CROSSING  AS  A  CAUSE  OF 
THE  APPEARANCE  OF  NEW  CHARACTERS — VARIABILITY  FROM  THE  COM- 
UINGLING  OF  CHARACTERS  AND  FROM  REVERSION — ON  THE  MANNER  AND 
PERIOD  OF  ACTION  OF  THE  CAUSES  WHICH  EITHER  DIRECTLY,  OR  IN- 
DIRECTLY THROUGH  THE  REPRODUCTIVE  SYSTEM,  INDUCE  VARIABILITY. 

We  will  now  consider,  as  far  as  wo  can,  tlio  causes  of  the 
almost  universal  variability  of  our  domesticated  productions. 
The  subject  is  an  obscure  one ;  but  it  may  be  useful  to  probe 
our  ignorance,  fcjome  authors,  for  instance  Dr.  Prosper  Lucas, 
look  at  variability  as  a  necessary  contingent  on  reproduction, 
and  aa  much  an  aboriginal  law  as  growth  or  inheritance. 
Others  have  of  late  encouraged,  perhaps  unintentionally,  this 
view  by  speaking  of  inheritance  and  variability  as  equal  and 
antagonistic  principles.  Pallas  maintained,  and  he  has  had 
some  followers,  that  variability  depends  exclusively  on  the 
crossing  of  primordially  distinct  forms.  Other  authors  attri- 
bute variability  to  an  excess  of  food,  and  with  animals  to  an 
excess  relatively  to  the  amount  of  exercise  taken,  or  again  to 
the  effects  of  a  more  genial  climate.  That  these  causes  are 
all  effective  is  highly  probable.  But  we  must,  I  think,  take 
a  broader  view,  and  conclude  that  organic  beings,  when  sub- 
jected during  several  generations  to  any  change  whatever  in 
their  conditions,  tend  to  vary;  the  kind  of  variation  which 
ensues  depending  in  most  cases  in  a  far  higher  degree  on  the 
nature  or  constitution  of  the  being,  than  on  the  nature  of  the 
changed  conditions. 
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Those  authors  who  believe  that  it  is  a  law  of  nature  that 
each  individual  should  differ  in  some  slight  degree  from  every 
other,  may  maintain,  apparently  with  truth,  that  this  is  the 
fact,  not  only  with  all  domesticated  animals  and  cultivated 
plants,  but  likewise  with  all  organic  Ixjings  in  a  state  of 
nature.  The  Laplander  by  long  practice  knows  and  gives 
a  name  to  each  reindeer,  though,  as  Linnajus  remarks,  "  to 
distinguish  one  from  another  among  such  multitudes  was 
beyond  my  comprehension,  for  they  were  like  ants  on  an  ant- 
hill." In  Germany  shepherds  have  won  wagers  by  recog- 
nising each  sheep  in  a  flock  of  a  hundred,  which  they  had 
never  seen  until  the  previous  fortnight.  This  power  of 
discrimination,  however,  is  as  nothing  compared  to  that 
which  some  florists  have  acquired.  Verlot  mentions  a 
gardener  who  could  distinguish  150  kinds  of  camellia,  when 
not  in  flower ;  and  it  has  been  positively  asserted  that  the 
famous  old  Dutch  florist  Yoorhelm,  who  kept  above  1200 
varieties  of  the  hyacinth,  was  hardly  ever  deceived  in  knowing 
each  variety  by  the  bulb  alone.  Hence  we  must  conclude 
that  the  bulbs  of  the  hyacinth  and  the  branches  and  leaves 
of  the  camellia,  though  appearing  to  an  unpractised  eye 
absolutely  undistinguishable,  yet  really  differ.^ 

"As  Linnajus  has  compared  the  reindeer  in  number  to  ants. 
I  may  add  that  each  ant  knows  its  fellow  of  the  same  com- 
munity. Several  times  I  carried  ants  of  the  same  species 
(Formica  rufa)  from  one  ant-hill  to  another,  inhabited 
apparently  by  tens  of  thousands  of  ants ;  but  the  strangers 
were  instantly  detected  and  killed.  I  then  put  some  ants 
taken  from  a  very  large  nest  into  a  bottle  strongly  perfumed 
with  assafoetida,  and  after  an  interval  of  twenty*four  hours 
returned  them  to  their  home ;  they  were  at  first  threatened 
by  their  fellows,  but  were  soon  recognised  and  allowed  to 
pass.  Hence  each  ant  certainly  recognised,  independently  of 
odour,  its  fellow ;  and  if  all  the  ants  of  the  same  community 
have  not  some  countersign  or  watchword,  they  must  present 
to  each  other  s  senses  some  distinguishable  character. 

'  *  Des  Jacinthes,*  &c.,  Amsterdam,  lated   by  Sir  J.   E.  Smith,  vol.  i.  p, 

1768,  p.  43;    Verlot,   *  Des  Varietcs,'  314.      The   statement  in    regard    to 

&c.,    p.    86.      On   the    reindeer,   see  German   shepherds   is   given   on    the 

I.inn;rn5,  *  Tour    in  I«ipland,'    trans-  authority  of  Dr.  Woinland. 
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The  dissimilarity  of  brothers  or  sisters  of  the  same  family, 
and  of  seedlings  from  the  same  capsule,  miay  be  in  part 
accounted  for  by  the  unequal  blending  of  the  characters  of 
the  two  parents,  and  by  the  more  or  less  complete  recovery 
through  reversion  of  ancestral  characters  on  either  side  ;  but 
we  thus  only  push  the  diflSculty  farther  back  in  time,  for 
what  made  the  parents  or  their  progenitors  different  ?  Hence 
the  belief'^  that  an  innate  tendency  to  vary  exists,  indepen- 
dently of  external  differences,  seems  at  first  sight  probable. 
But  even  the  seeds  nurtured  in  the  same  capsule  are  not  sub- 
jected to  absolutely  uniform  conditions,  as  they  draw  their 
nourishment  from  different  points ;  and  we  shall  see  in  a  future 
chapter  that  this  difference  sometimes  suffices  to  affect  the 
cliaracter  of  the  future  plant.  The  greater  dissimilarity  of 
the  successive  children  of  the  same  family  in  comparison  with 
twins,  which  often  resemble  each  other  in  external  appearance, 
mental  disposition,  and  constitution,  in  so  extraordinary  a 
manner,  apparently  proves  that  the  state  of  the  parents  at  the 
exact  period  of  conception,  or  the  nature  of  the  subsequent 
embrj'onic  development,  has  a  direct  and  powerful  influence 
on  the  character  of  the  offspring.     Nevertheless,  when  we 


*  Miiller*s  *  Physiology/  Eng.  trans- 
InlJon,  Tol.  ii.  p.  1G62.  With  respect 
tu  the  siroilarity  of  twins  in  consti- 
tution. Dr.  William  Ogle  has  given  me 
the  following  extract  from  Professor 
Troasseau's  l>icturcs('Clinique  M^i- 
cale,'  torn.  i.  p.  523),  in  which  a 
curious  case  is  recorded : — '*  J*ai  donnd 
mes  soins  k  deux  fri'rcs  jumeanx,  tous 
deux  si  extraordinairement  ressem- 
blants  qu'il  m'utait  impossible  dc  Ics 
rcconnaitre,  i  moins  de  les  voir  Pun 
i  cote  de  Pant  re.  Cette  rcssemblanco 
physique  s'etendait  plus  loin:  iU 
avaicnt,  permettez-moi  Pcxpression, 
une  similitude  patholojrique  plus  re- 
marquable  encore.  Ainsi  Pun  d'eux 
que  je  voyais  aux  neothermes  i  Paris 
malado  d'une  ophthalmic  rhumati^- 
malc  me  disait,  *  En  ce  moment  mon 
fri're  duit  avoir  une  ophthalmie  corame 
U  mienne ; '  et  comma  je  m'etais  rifcrie, 
U  me  roontrait  quelques  jours  apr^ 
one  lettre  qu'il  venait  de  receroir  dc 


ce  frt're  alors  i  Vicnne,  ct  qui  lui^cri- 
vait  en  effet — *J*ai  mon  ophthalmie, 
tu  dois  avoir  la  tienne.*  Quelque  Mn- 
gulier  que  ceci  puisse  paraitre,  le  fait 
n'en  est  pas  moins  exact :  on  ne  me  Pa 
pas  racont^,  je  Pai  vu,  et  j'en  ai  vu 
d'autres  analogues  dans  ma  pratique. 
Ces  deux  jumeaux  dtaient  aussi  tous 
deux  asthmatiques,  ct  asthmatiqucs 
i  un  effrojable  degr^.  Originaires  de 
Marseille,  ils  n'ont  jamais  pu  dc- 
meurer  dans  cette  ville,  oil  Icurs 
inti^r^ts  bs  appelnient  souvent,  sans 
^tre  pris  de  leurs  accbs ;  jamais  ils  n'en 
eprouvai«nt  k  Paris.  Bien  mieux,  il 
leur  suffisait  de  gngner  Toulon  pour 
Hra  guvris  de  leurs  attaques  de  Mar- 
seille. Voyagcant  sans  cesse  et  dans 
tous  pays  |>our  leurs  affaires,  ils 
avaient  remarqu«J  que  certainos 
I'H.'alitert  leur  i-taient  funestes,  que 
dans  d'autres  ils  ^taient  exempts  dc 
tout  phdnom6ne  d'opprcssion." 
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reflect  on  the  individiial  differences  between  organic  beings  in 
a  state  of  nature,  as  shown  bv  erery  wild  animal  knowing  its 
mate;  and  when  we  reflect  on  the  infinite  diversity  of  the 
many  varieties  of  onr  domesticated  productions,  we  may  well 
be  inclined  to  exclaim,  though  falsely  as  1  belicTe,  that 
Variability  mnst  be  looked  at  as  an  ultimate  fact,  necessarily 
contingent  on  reproduction. 

ITiose  authors  who  adopt  this  latter  view  would  probably 
deny  that  each  separate  variation  has  its  own  proper  exciting 
cause.  Although  we  can  seldom  trace  the  precise  relation 
between  cause  and  effect,  yet  the  considerations  presently  to 
be  given  lead  to  the  conclusion  that  each  modification  must 
have  its  own  distinct  cause,  and  is  not  the  result  of  what  wo 
blindly  call  accident.  The  following  striking  case  has  been 
communicated  to  me  by  Dr.  William  Ogle.  Two  girls,  bom 
as  twins,  and  in  all  respects  extremely  alike,  had  their  little 
fingers  on  both  hands  crooked ;  and  in  both  children  the 
second  bicuspid  tooth  of  the  second  dentition,  on  the  right  sido 
in  the  upper  jaw  was  misplaced ;  fur,  instead  of  standing  in  a 
lino  with  the  others,  it  grew  from  the  roof  of  the  mouth 
behind  the  first  bicuspid.  Neither  the  parents  nor  any  other 
members  of  the  family  were  known  to  have  exhibited  any 
similar  peculiarity ;  but  a  son  of  one  of  these  girls  had  tho 
same  tooth  similarly  misplaced.  Now,  as  both  tho  girls  were 
affected  in  exactly  the  same  manner,  tlie  idea  of  accident  is  at 
once  excluded  :  and  we  are  compelled  to  admit  that  there 
must  have  existed  some  precise  and  sufficient  cause  which,  if 
it  had  occurred  a  hundred  times,  would  have  given  crooked 
fingers  and  misplaced  bicuspid  teeth  to  a  hundred  children. 
It  is  of  course  .possible  that  this  case  may  have  lx?en  due  to 
reversion  to  some  long- forgotten  progenitor,  and  this  would 
much  weaken  the  value  of  tho  argument.  I  have  been  le<l  to 
think  of  tho  probability  of  reversion,  from  having  been  told  by 
Mr.  Galton  of  another  case  of  twin  girls  bom  with  their  littlo 
fingers  slightly  crooked,  which  they  inherited  from  their 
maternal  grandmother. 

We  will  now  consider  the  general  arguments,  which  appear 
to  mo  to  have  great  weight,  in  favour  of  the  view  that  varia- 
tions of  all  kinds  and  degrees  are  directly  or  indirectly  caused 
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by  the  conditions  of  life  to  which   each  being,  and  niore 
especially  its  ancestors,  have  been  exposed. 

No  one  doubts  that  domesticated  productions  are  more 
variable  than  organic  beings  which  have  never  been  removed 
from  their  natural  conditions.  Monstrosities  graduate  so  in- 
sensibly into  mere  variations  that  it  is  im^x>ssible  to  separate 
them ;  and  all  those  who  have  studied  monstrosities  believe 
that  they  are  far  commoner  with  domesticated  than  with  wild 
animals  and  plants ;  ^  and  in  the  case  of  plants,  monstrosities 
would  be  equally  noticeable  in  the  natural  as  in  the  cultivated 
state.  Under  nature,  the  individuals  of  the  same  species  are 
exposed  to  nearly  uniform  conditions,  for  they  are  rigorously 
kept  to  their  proper  places  by  a  host  of  competing  animals  and 
plants ;  they  have,  also,  long  been  habituated  to  their  condi- 
tions of  life ;  but  it  cannot  be  said  that  they  are  subject  to 
quite  uniform  conditions,  and  they  are  liable  to  a  certain 
amount  of  variation.  The  circumstances  under  which  our 
domestic  productions  are  reared  are  widely  different :  they 
are  protected  from  competition ;  they  have  not  only  been 
removed  from  their  natural  conditions  and  often  from  their 
native  land,  but  they  are  fretjuently  carried  from  district  to 
district,  where  they  are  treated  differently,  so  that  they  rarely 
remain  during  any  considerable  length  of  time  exposed  to 
closely  similar  conditions.  In  conformity  with  this,  all  our 
domesticated  productions,  with  the  rarest  exceptions,  vary  far 
more  than  natural  species.  The  hive-bee,  which  feeds  itself  and 
follows  in  most  respects  its  natural  habits  of  life,  is  the  least 
variable  of  all  domesticated  animals,  and  probably  the  goose 
is  the  next  least  variable;  but  even  the  goose  varies  more 
than  almost  any  wild  bird,  so  that  it  cannot  be  affiliated  with 
perfect  certainty  to  any  natural  species.  Hardly  a  single 
plant  can  be  named,  which  has  long  been  cultivated  and 
propagated  by  seed,  that  is  not  highly  variable ;  common  rye 
(Secede  cereale)  has  afforded  fewer  and  less  marked  varieties 
than  almost  any  other  cultivated   plant ;  *   but  it  may  be 

»  bid.  Geoffrey  St.-Hilaire,  *  Hist.       1841,  p.  115. 
des  Anomalies,*  torn.  iiL  p.  353  ;  Mo-  *  Metzger,      *  Die     (ietreicUjarteu, 

qiilQ-Tandon,  'Teratologic  Vc^g^tale,'       1811,8.39. 
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doubted  whether  the  variations  of  this,  the  least  valuable  of 
all  our  cereals,  have  been  closely  observed. 

Bud- variation,  which  was  fully  discussed  in  a  former  chap- 
ter, shows  us  that  variability  may  be  quite  independent  of 
seminal  reproduction,  and  likewise  of  reversion  to  long-lost 
ancestral  characters.  No  one  will  maintain  that  the  sudden 
api^earance  of  a  moss-rose  on  a  Provence-rose  is  a  return  to  a 
former  state,  for  mossiness  of  the  calyx  has  been  observeil  in 
no  natural  species ;  the  same  argument  is  applicable  to  varie- 
gated and  laciniatcd  leaves ;  nor  can  the  appearance  of  necta- 
rines on  peach-trees  be  accounted  for  on  the  piinciple  of  rever- 
sion. But  bud-variations  more  immediately  concern  us,  as 
they  occur  far  more  frequently  on  plants  which  have  been 
highly  cultivated  during  a  length  of  time,  than  on  other  and 
less  highly  cultivated  plants ;  and  very  few  well-marked 
instances  have  been  observed  with  plants  growing  under 
strictly  natural  conditions.  I  have  given  one  instance  of  an 
ash-tree  growing  in  a  gentleman's  pleasure-grounds ;  and 
occasionally  there  may  be  seen,  on  beech  and  other  trees, 
twigs  leafing  at  a  different  period  from  the  other  branches. 
But  our  forest  trees  in  England  can  hardly  be  considered  as 
living  under  strictly  natural  conditions ;  the  seedlings  are 
raised  and  protected  in  nursery-grounds,  and  must  often  bo 
transplanted  into  places  where  wild  trees  of  the  kind  would 
not  naturally  grow.  It  would  be  esteemed  a  prodigy  if  a  dog- 
rose  growing  in  a  hedge  produced  by  bud- variation  a  moss- 
rose,  or  a  wild  bullace  or  wild  chcrrv-treo  yielded  a  branch 
bearing  fruit  of  a  different  shape  and  colour  from  the  ordinary' 
fruit.  The  prodigy  would  be  enhanced  if  these  varying 
branches  were  found  capable  of  propagation,  not  only  by 
grafts,  but  sometimes  by  seed;  yet  analogous  cases  have 
occurred  with  many  of  our  highly  cultivated  trees  and  herbs. 

These  several  considerations  alone  render  it  probable  that 
variability  of  every  kind  is  directly  or  indirectly  caused  by 
changed  conditions  of  life.  Or,  to  put  the  case  under  another 
point  of  view,  if  it  were  possible  to  expose  all  the  individuals 
of  a  species  during  many  generations  to  absolutely  uniform 
conditions  of  life,  there  would  l>e  no  variability. 
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On  the  Nature  of  the  Changes  in  the  Conditioni  of  Life  which 

induce  Variability, 

From  a  remote  period  to  the  present  day,  under  climates 
and  circumstances  as  different  as  it  is  possible  to  conceive, 
organic  beings  of  all  kinds,  when  domesticated  or  cultivated, 
have  varied.  We  see  this  with  the  many  domestic  races  of 
quadrupeds  and  birds  belonging  to  different  orders,  with  gold- 
fish and  silkworms,  with  plants  of  many  kinds,  raised  in 
various  quarters  of  the  world.  In  the  deserts  of  northern 
Africa  the  date-palm  has  yielded  thirty-eight  varieties;  in 
the  fertile  plains  of  India  it  is  notorious  how  many  varieties 
of  rice  and  of  a  host  of  other  plants  exist ;  in  a  single  Poly- 
nesian island,  twenty-four  varieties  of  the  bread-fruit,  the 
same  number  of  the  banana,  and  twenty-two  varieties  of  the 
arum,  are  cultivated  by  the  natives ;  the  mulberry-tree  in 
India  and  Europe  has  yielded  many  varieties  serving  as  food 
for  the  silkworm ;  and  in  China  sixty-three  varieties  of  the 
bamboo  are  used  for  various  domestic  purposes.*  These  facts, 
and  innumerable  others  which  could  be  added,  indicate  that 
a  change  of  almost  any  kind  in  the  conditions  of  life  suffices 
to  cause  variability — different  changes  acting  on  different 
organisms. 

Andrew  Knight  ^  attributed  the  variation  of  both  animals 
and  plants  to  a  more  abundant  supply  of  nourishment,  or  to  a 
more  favourable  climate,  than  that  natural  to  the  species.  A 
more  genial  climate,  however,  is  far  from  necessary ;  the 
kidney-bean,  which  is  often  injured  by  our  spring  frosts,  and 
peaches,  which  require  the  protection  of  a  wall,  have  varied 
much  in  England,  as  has  the  orange- tree  in  northern  Italy, 
where  it  is  barely  able  to  exist.^     Nor  can  wo  overlook  the 

•  On     the    (late-palm,   sre  Vogcl,  of  the  Pandanns  and  other  trees  in 

'  AnnaU    and    Mag.    of    Nat.    Hist.,'  the    Marianne    Inland,   sea  *  Hooker's 

1854,  p.  4G0.     On  Indian   varieties.  Miscellany,'  vol.  i.  p.  308.     On  the 

Dr.    F.   Hamilton,     *  Transact.    Linn.  bam  I  mo  in  China,  srrc'  Hue's  *  Chinese 

S)c.,'  vol.  xiv.  p.  20(5.     On  the  varie-  Kmpire,'  vol.  ii.  p.  'M7. 

ties   cultivated    in    Tahiti,   see    Dr.  •  'Treatise  on  the  Culture  of  the 

IWnnett,   in  Loudon's    *  Mag.   of    N.  Apple,'  &c.,  p.  3. 

Hist.,'  vol.  v.,    1832,   p.   484.     Also  '  (iallesio,     «Teoria    dclla     Rij.ro- 

Kllis,  *  Polynesian  Researches,*  vol.  i.  duzionc  Vog.,'  p.  125. 
pp.  370,  375.     On  twenty  varieties 
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fact,  though  not  immediately  connected  with  our  present 
Rubject,  that  the  plants  and  shells  of  the  Arctic  regions  are 
eminently  variable.®  Moreover,  it  does  not  appear  that  a 
change  of  climate,  whether  more  or  less  genial,  is  one  of  the 
most  potent  causes  of  variability ;  for  in  regard  to  plants  Alph. 
De  CandoUe,  in  his  '  Geographio  Botanique,'  repeatedly  shows 
that  the  native  country  of  a  plant,  where  in  most  cases  it  has 
l)een  longest  cultivated,  is  that  where  it  has  yielded  the 
greatest  number  of  varieties. 

It  is  doubtful  whether  a  change  in  the  nature  of  the  food 
is  a  potent  cause  of  variability.  Scarcely  any  domesticated 
animal  has  varied  more  than  the  pigeon  or  the  fowl,  but 
their  food,  especially  that  of  highly-bred  pigeons,  is  generally 
the  same.  Kor  can  our  cattle  and  sheep  have  been  subjected 
to  any  great  change  in  this  respect.  But  in  all  these  cases 
the  food  probably  is  much  less  varied  in  kind  than  that  which 
was  consumed  by  the  species  in  its  natural  state.^ 

Of  all  the  causes  which  induce  variability,  cxcets  of  food, 
whether  or  not  changed  in  nature,  is  probably  the  most 
powerful.  This  view  was  held  with  regard  to  plants  by 
Andrew  Knight,  and  is  now  held  by  Schlciden,  more  especially 
in  reference  to  the  inorganic  elements  of  the  food.^°  In 
order  to  give  a  plant  more  food  it  suffices  in  most  cases  to 
grow  it  separately,  and  thus  prevent  other  plants*  robbing  its 
roots.  It  is  surprising,  as  I  have  often  seen,  liow  vigorously 
our  common  wild  species  flourish  when  planted  by  them- 
selves, though  not  in  highly  manured  land  ;  separate  growth 
is,  in  fact,  the  first  step  in  cultivation.  We  see  the  converse 
of  the  belief  that  excess  of  food  induces  variability  in  the 
following  statement  by  a  great  raiser  of  seeds  of  all  kinds:" 


•  Sec  Dr.  Hooker's  Memoir  on 
Arctic  Plants  in  *Linn.  Transact./ 
vol.  xxiii.  part  ii.  Mr.  Woodward, 
and  a  higher  authority  cannot  be 
quoted,  speaks  of  the  Arctic  molluscii 
(in  his  *  Rudimentary  Treatise,*  1856, 
p.  355)  as  remarkably  subject  tu 
variation. 

•  Bechstein,  in  his  *  Naturgc- 
schichte  der  Stubcnvogcl,*  1840,  s. 
238,  has  some  good  remarks  on  this 


subject.  He  states  that  his  canary- 
birds  varied  in  colour,  though  kept  on 
uniform  food. 

'•  *The  Plant,*  bv  Schleiden,  trans- 
lated by  Henfrey,  1848,  p.  lt>9.  See 
also  Alex.  Braun,  in  *Bot.  Memoirs,* 
Piay  Soc.,  1853,  p.  313. 

"  Messrs.  Hardy  and  Son,  of  Mal- 
don,  in  *Gard.  Chronicle,*  1856,  p. 
458.  Carri^re,  *  Production  ct  Fixa- 
tion des  Varietc5,*  1865,  p.  31. 


Chat.  XXII.  CAUSES  OF  VABIABILITY.  245 

'^  It  is  a  rulo  invariably  with  us,  wlien  we  desiro  to  keep  a 
"  true  stock  of  any  one  kind  of  seed,  to  grow  it  on  poor  land 
"  without  dung ;  but  when  we  grow  for  quantity,  we  act 
"  contrary,  and  sometimes  have  dearly  to  repent  of  it." 
According  also  to  Carridre,  who  has  had  great  experience  with 
flower-garden  seeds,  "  On  remarque  en  general  les  plantes  do 
♦'  vigour  moyenne  sont  celles  qui  conservent  lo  mieux  leurs 
'*  caracteres." 

In  the  case  of  animals  the  want  of  a  proper  amount  of 
exercise,  as  Bechstcin  remarked,  has  perhaps  played,  inde- 
pendently of  the  direct  effects  of  the  disuse  of  any  parti- 
cular organ,  an  important  part  in  causing  variability.  We 
can  see  in  a  vague  manner  that,  when  the  organised  and 
nutrient  fluids  of  the  body  are  not  used  during  growth,  or  by 
the  wear  and  tear  of  the  tissues,  they  will  be  in  excess ;  and 
as  growth,  nutrition,  and  reproduction  are  intimately  allied 
processes,  this  superfluity  might  disturb  the  due  and  proper 
action  of  the  reproductive  organs,  and  consequently  affect  the 
character  of  the  future  offspring.  But  it  may  be  argued  that 
neither  an  excess  of  food  nor  a  superfluity  in  the  organised 
fluids  of  the  body  necessarily  induces  variability.  The  goose 
and  the  turkey  have  been  well  fed  for  many  generations,  yet 
have  varied  very  little.  Our  fruit-trees  and  culinary  plants, 
which  are  so  variable,  have  been  cultivated  from  an  ancient 
period,  and,  though  they  probably  still  receive  more  nutri- 
ment than  in  their  natural  state,  yet  they  must  have  received 
during  many  generations  nearly  the  same  amount ;  and  it 
might  be  thought  that  they  would  have  become  habituated  to 
the  excess.  Nevertheless,  on  the  whole.  Knight's  view,  that 
excess  of  food  is  one  of  the  most  potent  causes  of  variability, 
appears,  as  far  as  I  can  judge,  probable. 

Whether  or  not  our  various  cultivated  plants  have  received 
nutriment  in  excess,  all  have  been  exposeil  to  changes  of 
various  kinds.  Fruit-trees  are  grafted  on  different  stocks, 
and  grown  in  various  soils.  The  seeds  of  culinary  and  agri- 
cultural plants  are  carried  from  place  to  place ;  and  during 
the  last  century  the  rotation  of  our  crops  and  the  manures 
used  have  been  greatly  changed. 

Slight  changes  of  treatment  often  suffice  to  induce  varia- 
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bility.  Tlio  simple  fact  of  almost  all  our  cultivated  plants 
and  domesticated  animals  having  varied  in  all  places  and  at 
all  times,  leads  to  this  conclusion.  Seeds  taken  from  common 
English  forest-trees,  grown  under  their  native  climate,  not 
highly  manured  or  otherwise  artificially  treated,  yield  seed- 
lings which  vary  much,  as  may  be  seen  in  every  extensive 
seed-bed.  I  have  shown  in  a  former  chapter  what  a  number 
of  well-marked  and  singular  varieties  the  thorn  (CraUegus 
oxycantha)  has  produced :  yet  this  tree  has  been  subjected  to 
hardly  any  cultivation.  In  Staffordshire  I  carefully  examined 
a  large  number  of  two  British  plants,  namely  Geranium  phceum 
and  pyrenaicum,  which  have  never  been  highly  cultivated. 
These  plants  had  spread  spontaneously  by  seed  from  a 
common  garden  into  an  open  plantation  ;  and  the  seedlings 
varied  in  almost  every  single  character,  both  in  their  flower 
and  foliage,  to  a  degree  which  I  have  never  seen  exceeded ; 
yet  they  could  not  have  been  exposed  to  any  great  cjiange  in 
their  conditions. 

With  respect  to  animals,  Azara  has  remarked  with  much 
surprise,^ ^  that,  whilst  the  feral  horses  on  the  Pampas  are 
always  of  one  of  three  colours,  and  the  cattle  always  of  a 
uniform  colour,  yet  these  animals,  when  bred  on  the  un- 
enclosed estancias,  though  kept  in  a  state  which  can  hardly 
be  called  domesticated,  and  apparently  exposed  to  almost 
identically  the  same  conditions  as  when  they  are  feral,  never- 
theless display  a  great  diversity  of  colour.  So  again  in  India 
several  species  of  fresh- water  fish  are  only  so  far  treated 
artificially,  that  they  are  reared  in  great  tanks;  but  this 
small  change  is  sufficient  to  induce  much  variability.^^ 

Some  facts  on  the  efiects  of  grafting,  in  regard  to  the 
variability  of  trees,  deserve  attention.  Cabanis  asserts  that 
when  certain  pears  are  grafted  on  the  quince,  their  seeds  yield 
a  greater  number  of  varieties  than  do  the  seeds  of  the  same 
variety  of  pear  when  grafted  on  the  wild  pear.^*  But  as  the 
pear  and  quince  are  distinct  species,  though  so  closely  related 

"  'QuaJrui)^Jes     du      Paraguay,'  1839,  pp.  2G6,  2G8,  313. 
1801,  torn.  ii.  p.  310.                         '  '*  Quoted  by  Sageret,  *  Pom.  Phys., 

"  M'Clelland  on  Indian  Cyprinida*,  1830,  p.  43.     This   statement,  how- 

'  Asiatic  Researches,'  vol.  xix.  part  ii.,  ever,  is  not  believed  by  Decaisnc. 
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that  the  one  can  be  readily  grafted  and  succeeds  admirably  oii 
the  other,  the  fact  of  variability  being  thus  caused  is  not  sur- 
prising ;  as  we  are  here  enabled  to  see  the  cause,  namely,  the 
ver}''  diiferent  nature  of  the  stock  and  graft.  Several  North 
American  varieties  of  the  plum  and  peach  are  well  known  to 
reproduce  themselves  truly  by  seed  ;  but  Downing  asserts,** 
"that  when  a  graft  is  taken  from  one  of  these  trees  and 
"  placed  upon  another  stock,  this  grafted  tree  is  found  to  lose 
"its  singular  property  of  producing  the  same  variety  by 
*' seed,  and  becomes  like  all  other  worked  trees;" — that  is,  its 
secKllings  become  highly  variable.  Another  case  is  worth 
giving :  the  Lalande  variety  of  the  walnut-tree  leafs  between 
April  20th  and  May  15th,  and  its  seedlings  invariably 
inherit  the  same  habit;  whilst  several  other  varieties  of 
the  walnut  leaf  in  June.  Now,  if  seedlings  are  raised  from 
the  May-leafing  Lalande  variety,  grafted  on  another  May- 
leafing  variety,  though  both  stock  and  graft  have  the  same 
early  habit  of  leafing,  yet  the  seedlings  leaf  at  various  times, 
even  as  late  as  the  5th  of  June.*®  Such  facts  as  these  are 
well  fitted  to  show  on  what  obscure  and  slight  causes  vari- 
ability depends. 

I  may  hero  just  allude  to  the  api)earance  of  new  and  valuable 
varieties  of  fruit-trees  and  of  wheat  in  woods  and  waste  places, 
which  at  first  siglit  seems  a  mogt  anomalous  circumstance.  In 
France  a  considerable  number  of  the  best  pears  have  been  discovered 
in  woods ;  and  this  has  occurred  so  frequently,  that  Piteau  asserts 
that  "  improved  varieties  of  our  cultivated  fruits  rarely  originate 
with  nurserymen."  In  England,  on  the  other  hand,  no  instance  of 
a  good  pear  having  been  found  wild  has  been  recorded ;  and  Mr. 
Rivers  informs  mo  that  he  knows  of  ouly  one  instance  with  apples, 
namely,  the  Bess  Poole,  which  was  discovered  in  a  wood  in  Notting- 
iiamshiro.  This  difierence  between  the  two  countries  may  be  in  part 
accounted  for  by  the  more  favourable  climate  of  France,  but  chiefly 


"  *Thc  FruiUof  America,*  18-*5, 
p.  5. 

"  M.  CardaD,  in  *Comptes  Ren- 
dus,*  Dec.  1848,  quoted  in  'Gard. 
Chronicle,'  1849,  p.  101. 

*'  M.  Alexis  Jordan  mentions  four 
excellent  pears  found  in  woods  in 
France,  and  alludes  to  others  ('  MtSm. 
Acad,  dc  Lyon,'  torn.  ii.  1852,  p.  150). 


Poiteau*s  remark  is  quoted  in  *  (lar- 
doner's  Mag./  vol.  iv..  1828,  p.  385. 
See  *Gard.  Chronicle,'  18G2,  p.  335, 
for  another  case  of  a  new  variety  of 
the  pear  found  in  a  hedge  in  Franco. 
Also  for  another  case,  tee  I^udon's 
*  Encyclop.  of  Gardening,'  p.  901. 
Mr.  Rivers  has  given  mo  simiLr 
information. 
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from  tbo  groal  niimljer  of  eccdJings  wbicli  spring  up  Uicre  j] 
\roods.  I  infer  that  llu's  is  the  case  from  a  remark  made  by  a 
French  Bsrdoner,"  who  regards  it  as  a  national  calamit;  that  such 
a  number  of  pear-trees  aro  periodically  cut  down  for  firewood,  before 
they  bare  borne  fruit.  The  new  varietioa  which  thns  spring  up  iu 
the  woods,  though  they  cannot  haTO  rocoived  any  excess  of  nutri- 
niont.  will  have  been  exposed  to  abruptly  changed  conditiona,  but 
whether  this  is  the  cause  of  their  production  is  very  doubtful. 
These  Tarieties,  however,  nra  probahly  oil  descended"  from  old 
cultivated  kinds  growing  in  adjoining  orchards.— n  circumHtanoe 
which  will  account  for  their  voriability ;  and  out  of  a  Tast  number 
uf  varying  trees  there  will  always  1>e  a  good  chance  of  the  appear- 
ance of  a  valuable  kind.  In  North  America,  where  finiitrtpoca 
frequently  spring  up  in  waste  places,  the  'Washington  pear  was 
funnd  in  a  bodge,  and  the  Emperor  peach  in  a  wood." 

With  respect  to  wheat,  some  writers  have  Rpoken^  as  if  it  wcro 
ira  ordinary  event  for  new  varietiea  to  be  found  in  wasto  places ;  lie 
Feuton  wheat  was  certainly  discovered  growing  on  a  pile  of  ba^ltic 
detritus  in  a  quarry,  but  in  such  a  nitustiun  the  plant  would 
probably  receive  a  sufflcient  amount  of  nutriment.  The  Chidham 
wheat  was  raised  from  an  car  found  on  n  hedge;  and  Hunter's 
wheat  woa  discovered  by  the  roadRido  in  Scotlaml.  but  it  ig  not  said 
that  Ibis  latter  voriety  grew  where  it  was  found,'' 

^Vhethcr  our  domestic  productions  would 
completely  habituated  to   the  conditions  under  wMch  t 
now  liTe,  88  to  cease  varying,  we  have  no  sufficient  n 
judging.     But,  in  fact,  our  domestic  productiona  aro  n 
exposed  for  a  great  length  of  time  to  unifurm  oouditions,  a 
it  is  certain  that  our  most  anciently  cultivated  plants,  t 
aa  animals,  still  go  on  varying,  fur  all  have  recently  n 
gone  marked  improvement.      In  some  few  coaes,  I 
plants  have  become   habituated  to  now  conditions. 
Metzger,  who   cultivated   iu   Germany  during  many  3 
numerons  varieties  of  wheat,  brought  from   different  c 
tries,"  states  that  some  kinds  were  at  first  extremely  \ 


alile,   but   gradually, 

I*  t>urAi,'IIut  du  Puirier,'  1849, 
|).  S. 

i>  t  iofer  Ihat  thU  u  the  fict  T  ooi 
V.11  Mdai-  .Utemeot  (*Arbr«  Krui- 
liiri,'  18:13,  torn.  i.  p.  446)  thsl  he 
liDiUiB  the  voodflceodliDgiTaembJing 
nil  the  chief  cnlliialeJ  nca  oT  both 
ihe  pat  and  uprilt.  Vim  Mwu.  hi>w< 
itui  Ivoktd  at  ineiv  fcitd  ntrlelici  «» 


I   instance  after  on  inl 

■borigioti  tpeclen. 

"  itowning,  ■Fruit-ti   .     

Ametici,'  p.  4:23 ;  foley,  ia'Tnu 
Hort-Soc'rnl.  vi.p.413. 

"  '  GsnL  ChroDide,'  184T,  a. 

"  *GanteiKr'iChraaitil<  IV' 
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twenty-fivo  years,  became  constant ;  and  it  does  not  appear 
that  this  resulted  from  the  selection  of  the  more  constant 
forms. 

On  the  Accumulative  Action  of  changed  Condiitons  of  Life, — 
We  have  good  grounds  for  believing  that  the  influence  of 
changed  conditions  accumulates,  so  that  no  eifect  is  produced 
on  a  species  until  it  has  been  exposed  during  several  genera- 
tions to  continued  cultivation  or  domestication.  Universal 
experience  shows  us  that  when  new  flowers  are  first  introduced 
into  our  gardens  they  do  not  vai*y ;  but  ultimately  all,  with 
the  rarest  exceptions,  vary  to  a  greater  or  less  extent.  In 
a  few  cases  the  requisite  number  of  generations,  as  well  as 
the  successive  steps  in  the  progress  of  variation,  have  been 
recorded,  as  in  the  often  quoted  instance  of  the  Dahlia.^* 
After  several  years*  culture  the  Zinnia  has  only  lately  (1860) 
begun  to  vary  in  any  great  degree.  "In  the  first  seven  or 
"  eight  years  of  high  cultivation,  the  Swan  Eiver  daisy 
"  {Brachycome  iberidifoUa)  kept  to  its  original  colour ;  it  then 
"  varied  into  lilac  and  purple  and  other  minor  shades."  ^^ 
Analogous  facts  have  been  recorded  with  the  Scotch  rose.  In 
discussing  the  variability  of  plants  several  experienced  hor- 
ticulturists have  spoken  to  the  same  general  effect.  Mr. 
Salter  ^®  remarks,  "  Every  one  knows  that  the  chief  difficulty 
**  is  in  breaking  through  the  original  form  and  colour  of  the 
"  species,  and  every  one  will  be  on  the  look-out  for  any 
"  natural  sport,  either  from  seed  or  branch ;  that  being  once 
"  obtained,  however  trifling  the  change  may  be,  the  result 
"  depends  upon  himself."  M.  de  Jonghe,  who  has  had  so  much 
success  in  raising  new  varieties  of  pears  and  strawberries,*' 
remarks  with  respect  to  the  former,  "  There  is  another  prin- 
"  ciple,  namely,  that  the  more  a  type  has  entered  into  a  state 
"  of  variation,  the  greater  is  its  tendency  to  continue  doing 
**  so ;  and  the  more  it  has  varied  from  the  original  type,  the 

»«  Sabine,  in  *Hort.  Transact.,*  vol.  "  *The  Chrysanthemum,  its  His- 

iii.    p.    225;  Bronn,  *  Goschichte  der  torv,  &o./  1865,  p.  3. 

Natur,' b.  ii.  «.  119.  "'Gardener's    Chron./    1855,    p. 

"  'Journal  of  Horticulture,*  1861,  54;  'Journal  of  Horticulture,'  May 

p.     112;    on     Zinnia,     'Gardener's  9,  1865,  p.  363. 
Chronicle,'  1860,  p.  852. 
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"  more  it  is  disposed  to  vary  still  farther."  Wo  have,  indeed, 
already  disenssod  this  latter  point  when  treating  of  the  power 
which  man  possesses,  through  selection,  of  continually  aug- 
menting in  the  same  direction  each  modification;  for  this 
power  depends  on  continued  variability  of  the  same  general 
kind.  The  most  celebrated  horticulturist  in  France,  namely, 
Vilmorin,-®  even  maintains  that,  when  any  particular  varia- 
tion is  desired,  the  first  step  is  to  get  the  plant  to  vary  in 
any  manner  whatever,  and  to  go  on  selecting  the  most 
variable  individuals,  even  though  they  vary  in  the  wrong 
direction;  for  the  fixed  character  of  the  species  being  once 
broken,  the  desired  variation  will  sooner  or  later  appear. 

As  nearly  all  our  animals  wore  domesticated  at  an  extremely 
remote  epoch,  we  cannot,  of  course,  say  whether  they  varied 
quickly  or  slowly  when  first  subjected  to  new  conditions. 
But  Dr.  Bachman^'  states  that  ho  has  seen  turkeys  raised 
from  the  eggs  of  the  wild  species  lose  their  metallic  tints  and 
become  spotted  with  white  in  the  third  generation.  Mr. 
Yarrell  many  years  ago  infonncd  mo  that  the  wild  ducks 
bred  on  the  ponds  in  St.  James's  Park,  which  had  never  been 
crossed,  as  it  is  believed,  with  domestic  ducks,  lost  their  true 
plumage  after  a  few  generations.  An  excellent  observer,^** 
who  has  often  reared  ducks  from  the  eggs  of  the  wild  bird, 
and  who  took  precautions  that  there  should  be  no  crossing 
with  domestic  breeds,  has  given,  as  previously  stated,  full 
details  on  the  changes  which  they  gradually  undergo.  lie 
found  that  ho  could  not  breed  these  wild  ducks  true  for  more 
than  five  or  six  generations,  "as  they  then  proved  so  much 
"  less  beautiful.  The  white  collar  round  the  neck  of  the 
"  mallard  became  much  broader  and  more  irregular,  and 
"  white  feathers  appeared  in  the  ducklings'  wings."  They 
increai^ed  also  in  size  of  body;  their  legs  became  less  fine, 
and  they  lost  their  elegant  carriage.  Fresh  eggs  were  then 
procured  from  wild  birds ;  but  again  the  same  result  followed. 
In  these  cases  of  the  duck  and  turkey  we  see  that  animals, 

"  Quoted  by  Verlot,  *  Des  Varietes,'  ton,  1855,  p.  14. 
&r.,  1865,  p.  28.  »•  Mr.  Hewitt,  *  Journal  of  H<.rt.,» 

*•  *  Examination  of  the  Character^-  1863,  p.  39. 
ti<:s  of  Genera  and  Species  :*  Charles- 
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like  plants,  do  not  depart  from  their  primitive  type  until 
they  have  been  subjected  during  several  generations  to 
domestication.  On  the  other  hand,  Mr.  Yarrell  informed  me 
that  the  Australian  dingos,  bred  in  the  Zoological  Gardens, 
almost  invariably  produced  in  the  first  generation  puppies 
marked  with  white  and  other  colours ;  but  these  introduced 
dingos  had  probably  been  procured  from  the  natives,  who 
keep  them  in  a  semi-domesticated  state.  It  is  certainly  a 
remarkable  fact  that  changed  conditions  should  at  first  pro- 
duce, as  far  as  we  can  see,  absolutely  no  effect;  but  that 
they  should  subsequently  cause  the  character  of  the  species 
to  change.  In  the  chapter  on  pangenesis  I  shall  attempt  to 
throw  a  little  light  on  this  fact. 

Ketuming  now  to  the  causes  which  are  supposed  to  induce 
variability.  Some  authors  ^^  believe  that  close  interbreeding 
gives  this  tendency,  and  leads  to  the  production  of  monstro- 
sities. In  the  seventeenth  chapter  some  few  facts  were 
advanced,  showing  that  monstrosities  are,  as  it  appears, 
occasionally  thus  induced ;  and  there  can  be  no  doubt  that 
close  interbreeding  causes  lessened  fertility  and  a  weakened 
constitution ;  hence  it  may  lead  to  variability :  but  I  have 
not  sufficient  evidence  on  this  head.  On  the  other  hand, 
close  interbreeding,  if  not  carried  to  an  injurious  extreme, 
far  from  causing  variability,  tends  to  fix  the  character  of  each 
breed. 

It  was  formerly  a  common  belief,  still  held  by  some  persons, 
that  the  imagination  of  the  mother  affects  the  child  in  the 
womb.^^  This  view  is  evidently  not  applicable  to  the  lower 
animals,  which  lay  un impregnated  eggs,  or  to  plants.  Dr. 
"William  Hunter,  in  the  last  century,  told  my  father  that 
during  many  years  every  woman  in  a  large  London  Lying-in 
Hospital  was  asked  before  her  confinement  whether  anything 
had  specially  affected  her  mind,  and  the  answer  was  written 
down ;  and  it  so  happened  that  in  no  one  instance  could  a 
coincidence  be  detected  Lotween  the  woman's  answer  and  any 

**  Devay,  *  Maringes  ConsaDguins,'  **  MUllcr  has  ronclaf^ively  argued 

pp.  1)7,  125.     In  conversation  i  have  against    this    belief,    *  Kleroentd     of 

found  two  or  three  naturalist)  of  the  Phys.,'  Eng.  translat.,  vol.  ii.  1842, 

same  opinion.  p.  1405, 
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abnormal  structure ;  but  when  she  knew  the  nature  of  the 
structure,  she  frequently  suggested  some  fresh  cause.  The 
belief  in  the  power  of  the  mother's  imagination  may  perhaps 
have  arisen  from  the  children  of  a  second  marriage  resembling 
the  previous  father,  as  certainly  sometimes  occurs,  in  accord- 
ance with  the  facts  given  in  the  eleventh  chapter. 

Crossing  as  a  Cause  of  Variability, — In  an  early  part  of  this 
chapter  it  was  stated  that  Pallas^^  and  a  few  other  naturalists 
maintain  that  variability  is  wholly  due  to  crossing.  If  this 
means  that  new  characters  never  spontaneously  appear  in  our 
domestic  races,  but  that  they  are  all  directly  derived  from 
certain  aboriginal  species,  the  doctrine  is  little  less  than 
absurd ;  for  it  implies  that  animals  like  Italian  greyhounds, 
pug-dogs,  bull-dogs,  pouter  and  fantail  pigeons,  &c.,  were  able 
to  exist  in  a  state  of  nature.  But  the  doctrine  may  mean 
something  widely  different,  namely,  that  the  crossing  of 
distinct  species  is  the  sole  cause  of  the  first  appearance  of  new 
characters,  and  that  without  this  aid  man  could  not  have 
fonned  his  various  breeds.  As,  however,  new  characters  have 
appeared  in  certain  cases  by  bud- variation,  we  may  conclude 
with  certainty  that  crossing  is  not  necessary  for  variability. 
It  is,  moreover,  certain  that  the  breeds  of  various  animals, 
such  as  of  the  rabbit,  pigeon,  duck,  &c.,  and  the  varieties  of 
several  plants,  are  the  modified  descendants  of  a  single  wild 
species.  Nevertheless,  it  is  probable  that  the  crossing  of 
two  forms,  when  one  or  both  have  long  Iwen  domesticated 
or  cultivated,  adds  to  the  variability  of  the  offspring,  inde- 
pendently of  the  commingling  of  the  characters  derived  from 
the  two  parent-forms ;  and  tliis  implies  that  new  characters 
actually  arise.  But  we  must  not  forget  the  facts  advanced 
in  the  thirteenth  chapter,  which  clearly  prove  that  the  act 
of  crossing  often  leads  to  the  reap|)earance  or  reversion  of 
long-lost  characters ;  and  in  most  cases  it  would  be  impossible 
to  distinguish  between  the  reappearance  of  ancient  characters 
and  the  first  appearance  of  absolutely  new  characters.  Practi- 
cally, whether  new  or  old,  they  would  be  new  to  the  breed  in 
which  they  reappeared. 

Act.  Acad.  St.  Petersburg,'  1780,  part  ii.  p.  Si,  ic. 


•9    ( 


CiiAP.  XXII.  CAUSES   OF  VARIABILITY.  253 

Gartner  declares,**  and  liis  experience  is  of  the  highest  value  on 
snch  a  point,  that,  when  he  crossed  native  plants  which  had  not 
been  cultivated,  he  never  once  saw  in  the  oflfspring  any  new  character ; 
but  that  from  the  odd  manner  in  which  the  characters  derived  from 
the  parents  were  combined,  they  sometimes  appeared  as  if  new. 
When,  on  the  other  hand,  he  crossed  cultivated  plants,  he  admits 
that  new  characters  occasionally  appeared,  but  he  is  strongly 
inclined  to  attribute  their  appearance  to  ordinary  variability,  not 
in  any  way  to  the  cross.  An  opposite  conclusion,  however,  appears 
to  me  the  more  probable.  According  to  Kt)lreuter,  hybiids  ifl  the 
genus  Mirabilis  vary  almost  infinitely,  and  he  describes  new  and 
singular  characters  in  the  form  of  the  seeds,  in  the  colour  of  the 
anthers,  in  the  cotyledons  being  of  immense  size,  in  new  and  highly 
peculiar  odours,  in  the  flowers  expanding  early  in  the  season,  and 
in  their  closing  at  night.  With  respect  to  one  lot  of  these  hybrids, 
he  remarks  that  they  presented  characters  exactly  the  reverse  of 
what  might  have  been  expected  from  their  parentage.** 

Prof.  Lecoq**  speaks  strongly  to  the  same  effect  in  regard  to  this 
same  genus,  and  asserts  that  many  of  the  hybrids  from  Mirabilis 
jalapa  and  multiflora  might  easily  be  mistaken  for  distinct  species, 
and  adds  that  they  differed  in  a  greater  degree  than  the  other 
species  of  the  genus,  from  M,  jalapa.  Herbert,  also,  has  described*^ 
certain  hybrid  Khododendrons  as  being  "  as  unlike  all  others  in 
"  foliage,  as  if  they  had  been  a  separate  species."  The  common 
experience  of  floriculturists  proves  that  the  crossing  and  recrossing 
of  distinct  but  allied  plants,  such  as  the  species  of  Petunia,  Calceo- 
laria, Fuchsia,  Verbena,  &c.,  induces  excessive  variability;  hence 
the  appearance  of  quite  new  characters  is  probable.  M.  Carri^re** 
has  lately  discussed  this  subject :  ho  states  that  Erythrina  cristagdlli 
had  been  multiplied  by  seea  for  many  years,  but  had  not  yielded 
any  varieties :  it  was  then  crossed  with  the  allied  A\  herbacea,  and 
"  the  resistance  was  now  overcome,  and  varieties  were  produced 
"  with  flowers  of  extremely  different  size,  form,  and  colour." 

From  the  general  and  apparently  well-founded  belief  that  the 
crossing  of  distinct  species,  besides  conuningling  their  characters, 
adds  greatly  to  their  variability,  it  has  probably  arisen  that  some 
botanists  have  gone  so  far  as  to  maintain**  that,  when  a  genus 
includes  only  a  single  species,  this  when  cultivated  never  varies. 
The  proposition  made  so  broadly  cannot  be  admitted;  but  it  is 
probably  true  that  the  variability  of  monotypic  genera  when  culti- 


**  •  BastarJerreugung,'  s.  249,  255,  ••  Abstracted  in  ♦  GarJ.  Chronicle,' 

295.  1860,  p.  1081. 

"  *Nova    Acta,    St.    Petersburg/  »•  This  wa«  tho  opinion  of  the  eUier 

1794,  p.  378;    1795,  pp.   307,  313,  Dc  Candolle,  as  quoted  in  '  Die.  Clajw. 

31»; ;  1787,  p.  407.  d'llist.  Nat.,*  torn.  viii.  p.  405.    Puvis, 

*•  *Dc  la    Kccon  lation,*   1862,    p.  in  his  worlc,   *  De   la   Degt^nt-ration/ 

311.  1837,  p.  37,  has  discussed  this  same 

"  *  Amaryllidaceff,'  1337,  p.  3C2.  point. 
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valod  is  penernilj  less  than  tliat  of  gcnora  indudinp  r. 

species,  and  this  quite  independeutly  of  the  efFucts  of  croeain^ 
I  have  sbown  in  my  '  Origin  of  Species,'  that  tlio  Kpecies  belonging 
to  small  (!oner&  general];  ytelil  a  lees  number  of  varieties  in  a  sbkte 
of  nature  tUno  those  belonging  to  large  genem.  Hobco  the  specieB 
of  small  genera  would,  it  is  probable,  pixidui^  fewer  TUieties  under 
cultivation  than  the  alreodj  variable  sjiefiea  of  larger  genera. 

Although  we  have  not  at  present  nuHicieDt  evidence  that  tho 
crossing  of  Bpecies,  which  have  never  been  cultivated,  leads  to  the 
appearance  of  new  characters,  this  apparently  docs  occur  witJt 
Epeciea  which  have  been  already  rendered  iu  some  degree  variable 
through  cultivation.  Uenco  crossing,  like  any  other  ohatige  in  tbo 
couditioDs  of  life,  seems  to  be  an  clement,  probably  a  potent  one,  ia 
causing  variability.  Cut  we  seldom  have  the  means  of  dJatinguieb- 
iug,  as  previously  remarked,  between  the  appearance  of  really  new 
characters  and  \\m  reappearance  of  long-lost  charocterB,  evoked 
tlirough  the  act  of  crossing.  I  will  give  an  instance  of  the  difficult* 
in  distinguishing  aucb  oases.  The  species  of  Datura  may  be  divided 
into  tno  sections,  those  having  while  flowers  with  green  stems, 
ami  thoee  having  purple  flowers  with  brown  stems  :  now  Nantlin" 
crcesed  Datura  lavii  and  ferox.  both  of  which  belong  to  the  white 
section,  and  raised  from  them  205  hybrids.  Of  these  hybrid*,  every 
one  had  brown  stems  and  bore  purple  flowers;  so  that  they  re- 
sembled the  8pecicB  of  the  other  section  of  the  geuua,  and  not  their 
own  two  parents.  Nandin  was  so  much  astonishoi  at  this  fact, 
tliat  he  was  led  carefully  to  observe  both  parent-species,  and  hu 
discovered  that  the  pure  seedlings  of  J>.  ftrox,  immediately  after 
germination,  hod  darV  purple  sleme,  extending  from  the  young  roots 
up  to  the  cotyledons,  and  that  this  tint  remained  ever  ofterwudii 
as  a  riug  round  the  liase  of  the  stem  of  tlio  plant  when  old.  Now  J 
have  shown  in  the  thirteenth  chapter  t|^t  the  retention  orcxa^^gera- 
t  ion  of  an  early  character  is  so  intimately  related  torovetsion,  that  it 
evidently  comes  under  the  some  principle.  Heuce  probsbty  vre 
ought  to  look  at  the  purple  flowers  and  brown  stems  of  Iheso 
hybrids,  not  as  now  characters  due  to  variability,  but  as  a  return 
tu  the  former  slate  of  some  ancient  progenitor. 

Indopenilentty  of  the  appearance  of  new  characters  from  oroasinf;, 
a  few  words  may  be  added  to  what  has  been  said  in  former  chapters 
on  the  unequal  combination  and  transmission  of  the  characters 
proper  to  the  two  parent-forms.  When  two  species  or  races  are 
crossed,  the  ofispring  of  the  Erst  cencration  ore  generally  uniform, 
but  those  subsequently  produced  display  an  almost  infinite  divcnnty 
of  character.  lie  who  wishes,  says  Kulreuter,"  to  obtain  on  endless 
number  of  varieties  from  hybrids  should  cro^s  and  recrws  than. 
There  is  also  much  variability  when  hybrids  or  mongrels  vn 
reduced  or  absorbed  by  repeated  crosses  with  cither  pure  p        "^  " 
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form ;  and  a  still  higher  degree  of  variability  when  three  distinct 
species,  and  most  of  all  when  four  species,  are  blended  together  by 
successive  crosses.  Beyond  this  point  Gartner,^*  on  whose  authority 
the  foregoing  statements  are  made,  never  succeeded  in  effecting  a 
union ;  but  lilax  Wichura^*  united  six  distinct  species  of  willows 
into  a  single  hybrid.  Tho  sex  of  the  parent  species  affects  in  an 
inexplicable  manner  tho  degree  of  variability  of  hybrids;  for 
Gartner"  repeatedly  found  that  when  a  hybrid  was  used  as  a  fethcr 
and  either  one  of  tho  pure  parent-species,  or  a  third  species,  was 
used  as  the  mother,  the  oflfepring  were  more  variable  than  when  the 
same  hybrid  was  used  as  the  mother,  and  either  pure  parent  or  the 
Fame  third  species  as  the  father :  thus  seedlings  from  Dianthus 
fxirlHitus  crossed  by  the  hybrid  7>.  chinensi-barbatus  were  more 
variable  than  those  raised  from  this  latter  hybrid  fertilised  by  the 
pure  D,  harbatus.  Max  Wichura**  insists  strongly  on  an  analogous 
result  with  his  hybrid  willows.  Again  Gartner**  asserts  that  the 
degree  of  variability  sometimes  differs  in  hybrids  raised  from  re- 
ciprocal crosses  between  the  same  two  species;  and  here  the  sole 
difference  is,  that  the  one  species  is  first  used  as  the  father  and  then 
as  the  mother.  On  the  whole  wo  see  that,  independently  of  the 
appearance  of  new  characters,  the  variability  of  successive  crossed 
generations  is  extremely  complex,  partly  from  the  offspring  partaking 
unequally  of  the  characters  of  the  two  parent-forms,  and  more 
especially  from  their  unequal  tendency  to  revert  to  such  characters 
or  to  those  of  more  ancient  progenitors. 

On  the  Manner  and  on  the  Period  of  Action  of  the  Causes  which 
induce  Variabilitt/, — This  is  an  extremely  obscure  subject,  and 
we  need  here  only  consider,  whether  inherited  variations  are 
duo  to  certain  parts  being  acted  on  after  they  have  been 
formed,  or  tlirough  the  reproductive  system  being  affected 
before  their  formation  ;  and  in  the  former  case  at  what  period 
of  growth  or  development  tho  effect  is  produced.  Wo  shall 
see  in  tho  two  following  chapters  that  various  agencies,  such 
aa  an  abundant  supply  of  food,  exposure  to  a  different  climate, 
increased  use  or  disuse  of  parts,  <fec.,  prolonged  during  several 
generations,  certainly  modify  either  tho  whole  organisation  or 
certain  organs ;  and  it  is  clear  at  least  in  the  case  of  bud- 
variation  that  the  action  cannot  have  been  through  tho  repro- 
ductive system. 

*'  *  Bastardorzougung,*  s.  507,  5H>,  **  '  Bastardcrzougung,'  s.  452,  507 

572.  **  *  Die  liastardbctVuchtung,'  ».  56. 

***  Die  Bast ardhfffruchtung,*    ic,  **  *  Bnstarderzeugung,*  s.  423. 
1S6j,  8.  24. 
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With  respect  to  tlic  part  which  the  reproductive  XYstcm  tftkos  in 
mnsing  Tariability,  we  have  scon  in  the  eighttenlli  cliaplcr  that 
even  slight  changes  in  tlie  conditions  of  life  havo  a  remarkable 
power  in  causing  a.  greater  or  less  degree  of  sicrilit)'.  Hence  it 
Koems  not  iraprobablo  that  baings  generated  through  a  B^etom  eo 
easily  affected  slioald  themselves  be  affected,  or  shoold  fail  to 
inherit,  or  inherit  in  excess,  characters  proper  to  tbeir  parents. 
Wo  know  that  certain  groups  of  oi^nic  beings,  but  with  exceptions 
in  each  group,  have  their  reprodnctivo  systems  much  mora  caeilj 
affected  by  changoil  conditions  tlian  other  gronps;  fur  iDBtanco, 
carnivorous  birds  mora  readily  than  carnivorous  inaoiaials,  atid 
pnrrotH  more  readily  than  pigeons;  and  thia  fact  harmonises  wiUi 
tlio  apparently  cspricions  manner  and  degree  in  which  vorions 
pvups  of  animals  and  plants  vary  nnder  domestication. 

Eiilreuter"  WAS  struck  with  the  parallelism  between  the  cxccasivo 
variability  of  hybrids  when  crossed  and  recrossed  in  various  ways, — 
these  hybrids  having  tbeir  rcproductiTo  powers  more  or  less  affected, 
— and  the  variability  of  anciently  cultivated  plants.  Max  Wichura** 
has  gone  one  step  farther,  and  shows  that  with  many  of  oar  higblj 
cultivated  plants,  snch  ea  the  hyaointh,  tulip,  auricula,  Bsapdragon, 
potato,  cabbage,  &c.,  which  tbore  is  no  reason  to  believe  have  been 
hybridised,  the  anthers  contain  many  irregular  pollon-graios  in  tbo 
same  state  as  in  hybrids.  Ife  finds  also  in  certain  wild  farms,  tbe 
same  coincidence  between  tlie  state  of  the  polloQ  and  a  high  degree 
of  variability,  as  in  many  species  of  liubus;  but  ia  Jl.  ccniut  aod 
idieiit,  whjcl)  are  not  highly  variable  species,  tlie  pollen  is  sound. 
It  is  also  notorious  that  many  cnltivatcd  plants,  such  as  tJie  Imuma, 
pine-apple,  bread-fruit,  and  others  previously  mentioned,  have  their 
reprodactive  organs  so  serionsly  affected  as  to  bo  generally  quita 
Bterilo;  ond  when  they  do  yield  seed,  the  seedlings,  judjring  from 
the  large  number  of  cultivated  races  which  csiat,  must  bo  vaiiablo 
ill  on  extreme  degree.  These  facts  indicate  that  there  is  some 
relation  bctweonthcstato  of  the  reproductive  organs  and  a  tendonejr 
to  variability ;  bat  wo  must  not  conc-lude  tliat  the  relation  is  atnet. 
Although  many  of  our  highly  cuitivaled  plants  may  htivo  tbeir 
pollen  in  a  deteriorated  condition,  yet.  as  we  havo  previously  soen. 
they  yield  more  seeds,  and  our  anciently  domesticated  animals  are 
more  proliflc,  than  the  corresponding  species  in  a  stale  of  natuiv. 
Tho  peacock  ia  ahnost  the  only  bird  which  is  believed  to  bu  less 
fertile  under  domestication  than  in  its  native  8tate,and  it  has  varied 
in  a  remarkably  small  degree.  From  theso  considerations  it  would 
Hocm  that  ehaugos  in  tho  conditions  of  Ufo  lead  cither  to  steriiily 
or  to  variability,  or  to  both;  and  not  that  sterility  induces  variability. 
On  the  whole  it  is  probable  that  any  cause  affecting  tho  organs  of 
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reproduction  would  likewise  affect  their  product,— that  is,  the 
offspring  thus  generated. 

The  period  of  life  at  which  the  causes  that  induce  variability  act, 
is  likewise  an  obscure  subject,  which  has  been  discussed  by  various 
authors.**  In  some  of  the  cases,  to  be  given  in  the  following  chapter, 
of  modifications  from  the  direct  action  of  changed  conditions,  which 
are  inherited,  there  can  be  no  doubt  that  the  causes  have  acted  on 
the  mature  or  nearly  mature  animal.  On  the  other  hand,  monstrosi- 
ties, which  cannot  be  distinctly  separated  from  lesser  variations,  are 
often  caused  by  the  embryo  being  injured  whilst  in  the  mother's 
womb  or  in  the  egg.  Thus  I.  Geoflfroy  Saint-Hilaire**  asserts  that 
poor  women  who  work  hard  during  their  pregnancy,  and  the  mothers 
of  illegitimate  children  troubled  in  their  minds  and  forced  to  conceal 
their  state,  are  far  more  liable  to  give  birth  to  monsters  than  women 
in  easy  circumstances.  The  eggs  of  the  fowl  when  placed  upright 
or  otherwise  treated  unnaturally  frequently  produce  monstrous 
chickens.  It  would,  however,  appear  that  complex  monstrosities 
are  induced  more  frequently  during  a  rather  late  than  during  a  very 
early  period  of  embryonic  life ;  but  this  may  partly  result  from  some 
one  part,  which  has  been  injured  during  an  early  period,  affecting 
by  its  abnormal  growth  other  parts  subsequently  developed ;  and 
this  would  bo  less  likely  to  occur  with  parts  injured  at  a  later  period.** 
When  any  part  or  organ  becomes  monstrous  through  abortion,  a 
rudiment  is  generally  left,  and  this  likewise  indicates  that  its 
development  had  already  commenced. 

Insects  sometimes  have  their  antennsB  or  legs  in  a  monstrous 
condition,  the  larvoj  of  which  do  not  possess  either  antenna)  or  legs ; 
and  in  these  cases,  as  Quatrefages**  believes,  we  are  enabled  to  see 
the  precise  period  at  which  the  normal  progress  of  development 
was  troubled.  But  the  nature  of  the  food  given  to  a  caterpillar 
sonietimes  affects  the  colours  of  the  moth,  without  the  caterpillar 
itself  being  affected ;  therefore  it  seems  possible  that  other  characters 
in  the  mature  insect  might  bo  indirectly  modified  through  the  larva>. 
There  is  no  reason  to  suppose  that  organs  which  have  been  rendered 
monstrous  have  alwavs  been  acted  on  during  their  development ;  the 
cause  may  have  acted  on  the  organisation  at  a  much  earlier  stage. 
It  is  even  probable  that  either  the  male  or  female  sexual  elements, 
or  both,  before  their  union,  may  be  affected  in  such  a  manner  as  to 
lead  to  modifications  in  organs  developed  at  a  late  period  of  life ;  in 
nearly  the  samo  manner  as  a  child  may  inherit  from  his  father  a 
disease  which  does  not  appear  until  old  age. 


*•  Dr.  P.  Luca'v  has  given  a  history  several  memoirs  by  M.  Darcste  here- 
of opinion  on  this  subject :  *  Her6d.  nftor  referred  to  are  of  special 
Nat..'  1847,  torn.  i.  p.  175.  value  on  this  whole  subject. 

*•  *i!ist.  ties   Anomalies,*  torn.  iii.  **  See  his  interesting  work,  '  Meta- 

p,  499.  morphoscs  de  rHonime,*  &r.,  1862,  p. 

*»  Ibid.,  torn.  iii.  pp.  392,  502.    The  129. 
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In  accordance  with  the  facts  above  given,  which  prove  that  in 
many  cases  a  close  relation  exists  between  variability  and  the  sterility 
following  from  changed  conditions,  we  may  conclude  that  the  ex- 
citing cause  often  acts  at  the  earliest  possible  period,  namely,  on  the 
sexual  elements,  before  impregnation  has  taken  place.  That  an 
affection  of  the  female  sexual  element  may  induce  variability  we  may 
likewise  infer  as  probable  from  the  occurrence  of  bud- variations ; 
for  a  bud  seems  to  be  the  analogue  of  an  ovule.  But  the  male  element 
is  apparently  much  oftener  affected  by  changed  conditions,  at  least 
in  a  visible  manner,  than  the  female  element  or  ovule ;  and  we  know 
from  Gartner's  and  Wichura's  statements  that  a  hybrid  used  as 
the  father  and  crossed  with  a  pure  species  gives  a  greater  degree  of 
variability  to  the  oflfepring,  than  does  the  same  hybrid  when  used  as 
the  mother.  Lastly,  it  is  certain  that  variability  may  be  transmitted 
through  either  sexual  element,  whether  or  not  originally  excited  in 
them,  for  Kolreuter  and  Gartner"  found  that  when  two  species  were 
crossed,  if  either  one  was  variable,  the  offspring  were  rendered 
variable. 

Summary, — From  the  liicts  given  in  this  chapter,  wo  may 
concludo  that  the  variability  of  organic  beings  under  domes- 
tication, although  so  general,  is  not  an  inevitable  contingent 
on  life,  but  results  from  the  conditions  to  which  the  parents 
have  been  exposed.  Changes  of  any  kind  in  the  conditions 
of  life,  even  extremely  slight  changes,  often  suffice  to  cause 
variability.  Excess  of  nutriment  is  perhaps  the  most  efficient 
single  exciting  cause.  Animals  and  plants  continue  to  bo 
variable  for  an  immense  period  after  their  first  domestication  ; 
but  the  conditions  to  which  they  are  exposed  never  long 
remain  quite  constant.  In  the  course  of  time  they  can  be 
habituated  to  certain  changes,  so  as  to  become  less  variable ; 
and  it  is  possible  that  when  first  domesticated  they  may  have 
been  even  more  variable  than  at  present.  There  is  good 
evidence  that  the  power  of  changed  conditions  accumulates  ; 
80  that  two,  three,  or  more  generations  must  be  exposed  to 
new  conditions  before  any  effect  is  visible.  The  crossing  of 
distinct  forms,  which  have  already  become  variable,  increases 
in  the  offspring  the  tendency  to  further  variability,  by  the 
unequal  commingling  of  the  characters  of  the  two  parents,  by 
the  reappearance  of  long-lost  characters,  and  by  the  a}>pear- 
ance  of  absolutely  new  characters.  Some  variations  are  in- 
duced by  the  direct  action  of  the  surrounding  conditions  on 

»*  *Dritte  Fort^etzung,*  &c.,  s.  123;  •  BostarJerzeugung,'  s.  240. 
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tlio  whole  organisation,  or  on  certain  parts  alone ;  other 
variations  appear  to  bo  indncod  indirectly  through  the  re- 
productive system  being  affected,  as  we  know  is  often  the 
case  with  various  beings,  which  when  removed  from  their 
natural  conditions  become  sterile.  The  causes  which  induce 
variability  act  on  the  mature  organism,  on  the  embryo,  and, 
probably,  on  the  sexual  elements  before  impregnation  has 
been  effected. 
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CHAPTER  XXIII. 

DIRECT   AND   DEFIXIIE    ACTION    OF   THK    EXTEr.N'AL    CONDITIOXS   OF 

LIFE. 

8LIGIIT  MODIFICATIONS  IX  PLANTS  ITIOM  THE  DEFINITE  ACTIOX  OF  CHANGED 
CONDITIONS,  IN  SIZE,  COLOUR,  CHEMICAL  PROPERTIES,  AND  IN  THE  STATE 
OF  THE  TISSUES — LOCAL  DISEASES — CONSPICUOUS  MODIFICATIONS  FROM 
CHANGED  CLIMATE  OR  FOOD,  ETC. — PLUMAGE  OF  BIRDS  AFFECTED  BY 
PECULIAR  NUTRIMENT,  AND  BY  THE  INOCILATION  OF  POISON — LAND- 
SHELLS — MODIFICATIONS  OP  ORGANIC  BEINGS  IN  A  STATE  OF  NATURE 
THROUGH  THE  DEFINITE  ACTION  OP  EXTERNAL  CONDITIONS — C03fPARI80N 
OF  AMERICAN  AND  EUROPEAN  TaEES  —  GALLS — EFFECTS  OF  PARASITIC 
FUNGI  —  CONSIDERATIONS  OPPOSED  TO  THE  BELIEF  IN  THE  POTENT 
INFLUENCE  OF  CHANGED  EXTERNAL  CONDITIONS — PARALLEL  SERIES  OF 
VARILTIES — A3I0UNT  OF  VARIATION  DOES-  NOT  CORRESTOND  WITH  THE 
DEGREE  OF  CHANGE  IN  THE  CONDITIUXS  — BUD-VARL\TION — MONSTROSI- 
TIES PliODUCED  BY   UNNATURAL  TREATMLNT — SUMMARY. 

Ik  we  ask  ourselves  why  this  or  that  character  has  been  modi- 
fied under  domestication,  we  are,  in  most  eases,  lost  in  utter 
darkness.  Many  naturalists,  especially  of  the  French  school, 
attribute  every  modification  to  the  "  monde  ambiant,"  that  is, 
to  changed  climate,  with  all  its  diversities  of  heat  and  cold, 
dampness  and  dr^-ness,  light  and  electricity,  to  the  nature  of 
the  soil,  and  to  varied  kinds  and  amount  of  food.  By  the 
term  definite  action,  as  used  in  this  chapter,  I  mean  an  action 
of  such  a  nature  that,  when  many  individuals  of  the  same 
variety  are  exposed  during  several  generations  to  any  par- 
ticular change  in  their  conditions  of  life,  all,  or  nearly  all  the 
individuals,  arc  modified  in  the  same  manner.  The  effects  of 
habit,  or  of  the  increased  use  and  disuse  of  various  organs, 
might  have  been  included  under  this  head  ;  but  it  will  bo  con- 
venient to  discuss  this  subject  in  a  separate  chapter.  By  the 
term  indefinite  action  I  mean  an  action  which  causes  one  in- 
dividual to  vary  in  one  way  and  another  individual  in  another 
way,  as  we  often  see  with  plants  and  animals  after  they  have 
been  subjected  for  some  generations  to  changed  conditions  of 
life.     But  we  know  far  too  little  of  the  causes  and  laws  of 
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variation  to  make  a  sound  classification.  The  action  of 
changed  conditions,  whether  leading  to  definite  or  indefinite 
results,  is  a  totally  distinct  consideration  from  the  effects  of 
selection  ;  for  selection  depends  on  the  preservation  by  man 
of  certain  individuals,  or  on  their  survival  under  various  and 
complex  natural  circumstances,  and  has  no  relation  whatever 
to  the  primary  cause  of  each  particular  variation. 

I  will  first  give  in  detail  all  the  facts  which  I  have  been 
able  to  collect,  rendering  it  probable  that  climate,  food,  &c., 
have  acted  so  definitely  and  powerfully  on  the  organisation  of 
our  domesticated  productions,  that  new  sub-varieties  or  races 
have  been  thus  formed  without  the  aid  of  selection  by  man  or 
nature.  I  will  then  give  the  facts  and  considerations  opposed 
to  this  conclusion,  and  finally  we  will  weigh,  as  fairly  as  we 
can,  the  evidence  on  both  sides. 

When  we  reflect  that  distinct  races  of  almost  all  our  domes- 
ticated animals  exist  in  each  kingdom  of  Europe,  and  formerly 
even  in  each  district  of  England,  we  are  at  first  strongly 
inclined  to  attribute  their  origin  to  the  definite  action  of  the 
physical  conditions  of  each  country ;  and  this  has  been  the 
conclusion  of  many  authors.  But  we  should  bear  in  mind 
that  man  annually  has  to  choose  which  animals  shall  be  pre- 
served for  breeding,  and  which  shall  bo  slaughtered.  Wo 
have  also  seen  that  both  methodical  and  unconscious  selection 
wore  formerly  practised,  and  are  now  occasionally  practised 
by  the  most  barbarous  races,  to  a  much  greater  extent  than 
might  have  been  anticipated.  Hence  it  is  difficult  to  judge 
how  far  differences  in  the  conditions  between,  for  instance, 
the  several  districts  in  England,  have  sufficed  to  modify  the 
breeds  which  have  been  reared  in  each.  It  may  be  argued 
that,  as  numerous  wild  animals  and  plants  have  ranged 
during  many  ages  throughout  Great  Britain,  and  still  retain 
the  same  character,  the  difference  in  conditions  between  the 
several  districts  could  not  have  modified  in  a  marked  manner 
the  various  native  races  of  cattle,  sheep,  pigs,  and  horses. 
The  same  difficulty  of  distinguishing  between  the  effects  of 
natural  selection  and  the  definite  action  of  external  conditions 
is  encountered  in  a  still  higher  degree  when  we  compare  closely 
uUied  species  inhabiting  two  countries,  such  as  North  America 
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and  Europe,  which  do  not  differ  greatly  in  climate,  naturo  of 
soil,  &c.y  for  in  this  case  natural  selection  will  inevitably  and 
rigorously  have  acted  during  a  long  succession  of  ages. 

Prof.  Weismann  has  suggested^  that  when  a  variable 
species  enters  a  new  and  isolated  country,  although  tho  varia- 
tions may  bo  of  the  same  general  nature  as  before,  yet  it  is 
improbable  that  they  should  occur  in  tho  same  proportional 
numbers.  After  a  longer  or  shorter  period,  the  species  will 
tend  to  become  nearly  uniform  in  character  from  the  incessant 
crossing  of  the  varying  individuals ;  but  owing  to  the  pro- 
portion of  the  individuals  varying  in  different  wa^'s  not  being 
tho  same  in  tho  two  cases,  the  final  result  will  bo  the  pro- 
duction of  two  forms  somewhat  different  from  one  another. 
In  cases  of  this  kind  it  would  falsely  appear  as  if  the  con- 
ditions had  induced  certain  definite  modifications,  whereas 
they  had  only  excited  indefinite  variability,  but  with  the 
variations  in  slightly  different  proportional  numbers.  This 
view  may  throw  some  light  on  the  fact  that  the  domestic 
animals  which  formerly  inhabited  the  several  districts  in 
Great  Britain,  and  the  half  wild  cattle  lately  kept  in 
several  British  parks,  differed  slightly  from  one  another ;  for 
these  animals  were  i)revented  from  wandering  over  tho  whole 
country  and  intercrossing,  but  would  have  crossed  freely 
within  each  district  or  park. 

From  the  difficulty  of  judging  how  far  changed  conditions  have 
caused  definite  modifications  of  structure,  it  will  be  advisable  to 
give  as  large  a  body  of  facts  as  possible,  showing  tliat  extremely 
slight  differences  within  tho  same  country,  or  during  different 
seasons,  certainly  produce  an  appreciable  effect,  at  least  on  varieties 
which  are  already  in  an  unstable  condition.  Ornamental  flowers  are 
good  for  this  purpose,  as  they  are  highly  variable,  and  are  carefully 
observed.  All  floriculturists  are  unanimous  that  certain  varieties 
are  affected  by  very  slight  differences  in  the  nature  of  the  artificial 
compost  in  which  they  are  grown,  and  by  tho  natural  soil  of  tho 
district,  as  well  as  by  the  season.  Thus,  a  skilful  judge,  in  writing 
on  Carnations  and  Picotees,^  asks  '*  where  can  Admiral  Curzon  l)o 
"seen  possessing  the  colour,  size,  and  strength  which  it  has  in 
"Derbyshire?  Where  can  Flora's  Garland  be  found  equal  to  those 
"  at  Slough  ?    Where  do  high-coloured  flowers  revel  better  than  at 


*  *  Uebcr  den  EinfluM  der  Isolirung  '  'Gardener's  Chronicle,'  I8.>3,  p. 

auf  die  Artbildung,*  1 872.  1  «.l. 
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"  Woolwich  and  Birmingham  ?  Yet  in  no  two  of  these  districts  do 
"  the  same  varieties  attain  an  equal  degree  of  excellence,  although 
"  each  may  be  receiving  the  attention  of  the  most  skilful  cultivators." 
The  same  writer  then  recommends  evenr  cultivator  to  keep  five 
different  kinds  of  soil  and  manure,  "  and  to  endeavour  to  suit  the 
"  respective  appetites  of  the  plants  you  are  dealing  with,  for  without 
"  such  attention  all  hope  of  general  success  will  be  vain."  So  it  is 
with  the  Dahlia' :  the  Lady  Cooper  rarely  succeeds  near  London,  but 
docs  admirably  in  other  districts ;  the  reverse  holds  good  with  other 
varieties;  and  again,  there  are  others  which  succeed  equally  well 
in  various  situations.  A  skilful  gardener  ^  states  that  ho  procured 
cuttings  of  an  old  and  well-known  variety  (pulchella)  of  Verbena, 
which  from  having  been  propagated  in  a  different  situation  presented 
a  slightly  different  shade  of  colour ;  the  two  varieties  were  after- 
wards multiplied  by  cuttings,  being  carefully  kept  distinct ;  but  in 
the  second  year  they  could  hardly  be  distinguished,  and  in  the  third 
year  no  one  could  distinguish  them. 

The  nature  of  the  season  has  an  especial  influence  on  certain 
varieties  of  the  Dahlia:  in  1841  two  varieties  were  pre-eminently 
good,  and  the  next  year  these  same  two  were  pre-eminently  bad. 
A  famous  amateur*  asserts  that  in  1861  many  varieties  of  the  Kose 
came  so  untrue  in  character,  "  that  it  was  hardly  possible  to  recog- 
"  nise  them,  and  the  thought  was  not  seldom  entertained  that  the 
"  grower  had  lost  his  tally."  The  same  amateur  •  states  that  in  1862 
two-thirds  of  his  Auriculas  produced  central  trusses  of  flowers,  and 
such  trusses  are  liable  not  to  keep  true ;  and  he  adds  that  in  some 
seasons  certain  varieties  of  this  plant  all  prove  good,  and  the  next 
season  all  prove  bad ;  whilst  exactly  the  reverse  happens  with  other 
varieties.  In  1845  the  editor  of  the  *  Gardener's  Chronicle '  ^  remarked 
how  singular  it  was  that  this  year  many  Calceolarias  tended  to 
assume  a  tubular  form.  With  Heartsease  *  the  blotched  sorts  do  not 
acquire  their  proper  character  until  hot  weather  sets  in ;  whilst  other 
varieties  lose  their  beautiful  marks  as  soon  as  this  occurs. 

Analogous  facts  have  been  observe<l  with  leaves:  Mr.  Beaton 
asserts*  that  he  raised  at  Shrubland,  during  six  years,  twenty  thousand 
seedlings  from  the  Punch  Pelargonium,  and  not  one  had  variegated 
leaves ;  but  at  Surbiton,  in  Surrey,  one-third,  or  even  a  greater  pro- 
portion, of  the  seedlings  from  this  same  variety  were  more  or  less 
variegated.  The  soil  of  another  district  in  Surrey  has  a  strong  ten- 
dency to  cause  variegation,  as  appears  from  information  given  me 
by  Sir  F.  Pollock.    Yerlot*"  states  that  the  variegated  strawberry 


»  Mr.     Wildmnn,     *  Floricultural  *  Ibid.,  1862,  p.  83. 

Soc.,'  Feb.  7, 1843,  reported  in  *  Gai-d.  '  *  Card.  Chron.,*  184:>,  p.  GGO. 

Chron.,'  1843,  p.  86.  *  Ibid.,  1863,  p.  628. 

*  Mr.  Robson,  in  *  Journal  of  Ilorti-  •  *  Journal  of  Hort.,*  1861,  pp.  64, 

culture,'  Feb.  13th,  1866,  p.  122.  3o9. 

»  *  Journal  of  Horticulture/  1831,  '•  *Des  Variacs,*  &c.,  p.  76. 
p.  24. 
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reUiidH  lis  uliaractor  as  long  as  grown  in  n  dijhh  soil,  but  • 

loses  it  wlion  pUnttid  in  frosh  and  humid  soil.  Mr.  Sailer,  wbo  ii 
well  known  for  hiseuccess  in  cu'tiTstjog  variegated  plants,  infeni 
roe  Uiat  rows  of  strawberries  were  planted  in  Itis  garden  in  1850,  fl 
the  usunl  way :  and  at  varjoUB  distances  in  one  row,  eereral  plai ' 
sioiulloneoitslybocame  variegated;  and  what  made  the  cssoi 
traordinury,  alt  were  variegated  in  preciaily  the  same  manner 
plants  were  removed,  but  during  the  three  sneneoding  yen 
pliutts  in  the  same  row  bceamo  variegaled,  and  in  no  iaslaiice  n 
the  plants  in  an;  adjoining  row  affected. 

Tna  chemical  qnslities,  odours,  and  tissues  of  plants  are  o 
inodiBed  I);  a  change  which  seems  to  ns  slight.  The  Heinlock:^ 
said  not  to  yield  conicino  in  Scotland.  The  root  of  the  ^mni'tii 
napellas  becomes  innocuous  in  frigid  climates.  The  medicinal  p 
pcxties  of  the  Digitalis  are  esailj  affected  by  cultnro.  As  the  A'sfOL. 
lehliiicra  grows  ahnndantly  in  the  South  of  France,  the  climate  mw 
suit  it,  hot  it  jiolds  no  nmatic.     The  Lhutui  tatmfnu  in  Eiin 

]oec8  tlio  odour  proper  to  it  in  North  America."    Many  similar  & 

could  be  given,  and  they  are  remarkable  because  it  mighthave  been 
thought  that  definite  chemical  compuuuds  would  have  been  littlo 
liable  to  change  cither  in  quality  or  quantity. 

The  wood  of  the  American  Locust-tree  fifofeiHiu)  when  grown  in 
England  is  ncsriy  worthless,  as  is  that  of  the  Oak-tree  when  grown 
at  the  Cape  of  Good  Hope."  Hemp  and  flax,  as  1  hear  from  Dc, 
Falconer,  flourish  and  yield  plenty  of  seed  on  the  plains  of  InitiK 
but  their  fibres  are  brittle  and  useless.  Ifenip,  on  ttio  other  hatia 
faila  to  produce  in  England  that  resinous  matter  which  is  Bo  It 
used  in  India  as  on  intoxicating  drug. 

The  fruit  of  the  Melon  is  greatly  influenced  by  slight  dilfotWifia 
in  cultnro  and  climate.  Hence  it  is  generally  a  better  pls^ 
according  to  Kaudin,  to  improve  an  old  kind  than  to  introdncsa 
new  ono  into  any  locality.  The  wed  of  the  Persian  Melon  pn 
duces  near  Paris  fruit  inferior  to  the  poorest  market  kinds,  but  b_ 
Bordeaux  yields  delicious  fruit."  Seed  is  annually  brought  bttn] 
Thibet  to  Kashmir,"  and  produces  frgit  weighing  from  four  tt  ' 
pounds,  hut  plants  raised  nest  year  from  seed  saved  in  K— 
give  ti-uit  weighing  only  from  two  to  three  pounds.  It  is  well  ksoMi 
that  American  varieties  of  the  Apple  ])roduoe  in  their  1  " 
hind  magnificent  and  brightly-coloured  fruit,  but  those  in  Bt^ 
are  of  poor  quality  and  a  dull  colour.    In  Hungary  there  at«  u 


"  Eog*!, '  SuT  1«  Tiop.  Ucdicalei 
■la  PUdU*,'  1800,  pp,  10,  'i!/.  Od 
rhangtB  lo  ths  vdoun  of  plwiU,  tti 
IHIibert'*  EipnimiMili,  qnottd  b; 
B«kiua,  'tavMition(,'ral.u.  uSM; 
•Dd  N«i.  in  Feniiuc,  ■  Bull.  d»  Sc. 
Nut.,*  182t,  tam.  1.  II.  eo.  Wth 
mjwct  to  th«  Thutiirb,  &r.,  hw  nl>" 
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yarietiee  of  the  kidney-bean,  remarkable  for  the  beauty  of  their 
seeds,  but  the  Rev.  M.  J.  Berkeley^*  found  IMt  their  beauty  could 
hiurdly  ever  bo  preserred  in  England,  and  in  some  cases  the  colour 
was  greatly  changed.  We  have  seen  in  the  ninth  chajSter,  with 
respect  to  wheat,  what  a  remarkable  efifect  transportal  from  the 
north  to  the  south  of  France,  and  conTcrsely,  produced  on  the 
weight  of  the  grain. 

When  man  can  porceivo  no  change  in  plants  or  animals 
which  have  been  exposed  to  a  now  climate  or  to  different 
treatment,  insects  can  sometimes  perceive  a  marked  change. 
A  cactus  has  been  imported  into  India  from  Canton,  Manilla 
Mauritius,  and  from  the  hot-houses  of  Kew,  and  there  is  like- 
wise a  so-called  native  kind  which  was  formerly  introduced 
from  South  America ;  all  these  plants  belong  to  the  same 
species  and  are  alike  in  appearance,  but  the  cochineal  insect 
flourishes  only  on  the  native  kind,  on  which  it  thrives 
prodigiously.^*  Humboldt  remarks^  ^  that  white  men  "bom 
in  the  torrid  zone  walk  barefoot  with  impunity  in  the  same 
apartment  where  a  European,  recently  landed,  is  exposed  to 
the  attacks  of  the  Pulex  penetrans,^*  This  insect,  the  too  well- 
known  chigoe,  must  therefore  bo  able  to  perceive  what  the 
most  delicate  chemical  analysis  fails  to  discover,  namely,  a 
difference  between  the  blood  or  tissues  of  a  European  and 
those  of  a  white  man  bom  in  the  tropics.  But  the  discern- 
ment of  the  chigoe  is  not  so  surprising  as  it  at  first  appears ; 
for  according  to  Liebig^^  the  blood  of  men  with  different 
complexions,  though  inhabiting  the  same  country,  emits  a 
different  odour. 

Diseases  peculiar  to  certain  localities,  heights,  or  climates,  may  bo 
here  briefly  noticed,  as  showing  the  influence  of  external  circum- 
stances on  the  human  body.  Diseases  confined  to  certain  races  of 
man  do  not  concern  us,  for  the  constitution  of  the  race  may  play 
the  more  important  part,  and  this  may  have  been  determined  by 
unknown  causes.    The  Plica  Polonica  stands,  in  this  respect,  in  a 


"  « Gardener's  Chronicle,*  18G1,  p. 
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nearly  intermediate  position ;  for  it  rarely  affects  Germans,  who  in- 
habit the  neighbourhood  of  the  Vistula,  where  so  many  Poles  are 
grievously  affected ;  neither  does  it  affect  Russians,  who  are  said 
to  belong*  to  the  same  original  stock  as  the  Poles."  The  eleva- 
tion of  a  district  often  governs  the  appearance  of  diseases;  in  Mexico 
tlie  yellow  fever  docs  not  extend  above  924  metres ;  and  in  Peru, 
people  are  affected  with  the  veru^as  only  between  600  and  1600 
metres  above  the  Fea ;  many  other  such  cases  could  be  given.  A 
peculiar  cutaneous  complaint,  called  the  Bouton  d'Alep,  affects 
ID  Aleppo  and  some  neighbouring  districts  almost  every  nativo 
infant,  and  some  few  strangers ;  and  it  seems  fairly  well  established 
that  this  singular  complaint  depends  on  drinking  certain  waters. 
In  the  healthy  little  island  of  St  Helena  the  scarlet-fever  is  dreEulcd 
like  the  Plague;  analogous  fiicts  have  been  observed  in  Chili  and 
Mexico.^  Even  in  the  different  departments  of  France  it  is  found 
that  the  various  infirmities  which  render  the  conscript  unfit  for 
serving  in  the  army,  prevail  with  i-emarkable  incquahty,  revealing, 
as  Boudin  observes,  that  many  of  them  are  endemic,  which  other- 
wise would  never  have  been  suspected.^*  Any  one  who  will  stndy 
the  distribution  of  disease  will  be  struck  with  surprise  at  what 
shght  differences  in  the  surrounding  circumstances  govern  tiio 
nature  and  severity  of  the  complaints  by  which  man  is  at  least 
temporarily  affected. 

The  modifications  as  yet  referred  to  are  extremely  slight,  and  in 
most  cases  have  been  caused,  as  far  as  wc  can  judjre,  by  equally  slight 
differences  in  the  conditions.  But  such  conditions  acting  during 
a  series  of  generations  would  perhaps  produce  a  marked  effect. 

With  plants,  a  considerable  change  of  climate  sometimes  produces 
a  conspicuous  result.  I  have  given  in  the  ninth  chapter  the  most 
remarkable  case  known  to  me,  namely,  that  of  varieties  of  maize, 
which  were  greatly  modified  in  the  course  of  only  two  or  threo 
generations  when  taken  from  a  tropical  country  to  a  cooler  one,  or 
conversely.  Dr.  Falconer  informs  me  that  he  has  seen  the  English 
liibston-pippin  apple,  a  Himalayan  oak,  Prunus  and  Pyrus,  all  a.ssume 
in  the  hotter  parts  of  India  a  fastigate  or  pyramidal  habit ;  and  this 
fact  is  the  more  interesting,  as  a  Chinese  tropical  species  of  Pyrus 
naturally  grows  thus.  Although  in  these  cases  the  changed  manner 
of  growth  seems  to  have  been  directly  caused  by  the  great  heat,  wo 
know  that  many  fastigate  trees  have  originated  in  their  temperate 
homes.  In  the  Botanic  Gardens  of  Ceylon  the  apple-tree*^  "sends 
out  numerous  runners  under  ground,  which  continually  rise  into 
small  stems,  and  form  a  growth  around  the  parent-tree."  The 
varieties  of  tlie  cabbage  which  pnxluce  heads  in  Eur()]x?  fail  to  do  so 
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in  certain  tropical  countries.**  The  Rhododendron  ciliatum  produced 
at  Kew  flowers  so  much  larger  and  paler-coloured  than  those  which 
it  bears  on  its  nativo  Himalayan  mountain,  that  Dr.  Hooker^'  would 
hardly  have  recognised  the  species  by  the  flowers  alone.  Many 
similar  facts  with  respect  to  the  colour  and  size  of -flowers  could 
1x5  given. 

The  experiments  ol  Vilmorin  and  Buckman  on  carrots  and 
parsnips  prove  that  abundant  nutriment  produces  a  definite  and 
inheritable  effect  on  the  roots,  with  scarcely  any  change  in  other 
parts  of  the  plant  Alum  directly  influences  the  colour  of  the 
flowers  of  the  Hydrangea.**  Dryness  seems  generally  to  favour  the 
hairiness  or  villosity  of  plants.  Gartner  found  that  hybrid 
Verbascums  became  extremely  woolly  when  grown  in  pots.  Mr. 
Masters,  on  the  other  hand,  states  that  the  Opuntia  Uucotricht  **  is 
"  well  clothed  with  beautiful  white  hairs  when  grown  in  a  damp 
"  lieat,  but  in  a  dry  heat  exhibits  none  of  this  peculiarity."  *•  Slight 
variations  of  many  kinds,  not  worth  specifying  in  detail,  are  retained 
only  as  long  as  plants  are  grown  in  certain  soils,  of  which  Sageref 
gives  some  instances  from  his  own  experience.  Odart,  who  insists 
strongly  on  the  permanence  of  the  varieties  of  the  grape,  admits* 
tlmt  some  varieties,  when  grown  under  a  difierent  climate  or  treated 
differently,  vary  in  a  slight  degree,  as  in  the  tint  of  the  fruit  and  in 
the  period  of  ripening.  Some  authors  have  denied  that  grafting 
causes  even  the  slightest  difference  in  the  scion;  but  there  is 
sufficient  evidence  that  the  fruit  is  sometimes  slightly  affected  in 
size  and  flavour,  the  leaves  in  duration,  and  the  flowei*s  in  appear- 
ance.'** 

There  can  be  no  doubt,  from  the  facts  given  in  the  first 
chapter,  that  European  dogs  deteriorate  in  India,  not  only  in 
their  instincts  but  in  structure ;  but  the  changes  which  they  undergo 
are  of  such  a  nature,  that  they  may  be  partly  due  to  reversion  to  a 
primitive  form,  as  in  the  case  of  feral  animals.  In  parts  of  India  the 
turkey  becomes  reduced  in  size,  *'  with  the  pendulous  appendage  over 
the  beak  enormously  developed."*^  We  have  seen  how  soon  the  wild 
duck,  when  domesticated,  loses  its  true  character,  from  the  effects  of 
abundant  or  changed  food,  or  from  taking  little  exercise.  From  the 
direct  action  of  a  humid  climate  and  poor  pasture  the  horse  rapidly 
decreases  in  size  in  the  Falkland  Islands.    From  information  which 
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I  liavo  reooived,  tliis  seems  likowise  to  bo  the  coso  to  a  certain  * 
extent  witb  sheep  in  Anstr&lia. 

Climate  definitolj  influenoea  the  hairy  covering  of  aninmU;  in 
tUa  West  Indies  a,  great  change  is  produced  in  the  fleece  of  ahecp, 
in  about  throe  goneratione.    Dr.  Falconer  etatcs"  that  the  Thibet 
mnstiff  and   goat,  when    brought  down  from  the  Himulaja  to 
Kashmir,  lose  their  fine  wool.     At  Angora  not  onl;  floats,  but 
EJiopherd-dogB  and  cats,  have  fine  fleec7  hair,  and  Mr.  Ainsworth" 
attributes  the  tliickncSB  of  the  fleece  to  the  severe  vintors,  and  its 
Milky  lustre  to  the  hot  mminern.    BnrnoSBtateapositivel;"  that  the    ' 
Kamkoolshcep  loeetheir  peculiar  black  curled  tloeceii  when  removed'  4 
into  an;  other  country.    Even  ivithin  tlio  limits  of  England,  I  ban  I 
been  assared  that  the  wool  of  two  breeds  of  sheep  was  slight^ 
changed  by  the  flocka  being  pastured  in  dlfi'erent  localities."    It 
has  been  asserted  on  good  authority  "  that  horses  kept  durui^ 
Eevenil  jcara  in  the  d(.«p  coal-miDes  of  Belgium  become  covcrea 
ivilb  velvety  hair,  almost  like  tlmt  on  the  mole.    Tbeso  cases 
prolmbly  stand  in  close  relation  to  the  natural  change  of  coat  in 
winter  and  eummer    Naked  varieties  of  Eeveial  domestic  animate 
liavo  occasiomLlly  appmred ;  but  there  is  no  reason  to  believe  thitt  F 
this  is  in  any  way  related  to  the  nslurc  of  the  climate  to  whii^  J 
they  have  been  ezpoeed." 

It  appears  at  first  sight  probable  that  the  increased  size,  t 
tendency  to  fatten,  the  early  maturity  and  altered  forms  of  o 
improved  cattle,  sheep,  and  pigs,  have  directly  resulted  from  tht 
abundant  supply  of  food.    This  is  the  o)iinion  of  many  compete 
judges,  and  |utibably  is  to  a  great  extent  true    Cut  as  fur  as  form  Ji 
concerned,  we  must  not  overlook  the  more  potent  influence  ol 
lessened  use  on  the  limbs  and  lungs.     We  see,  moreover,  as  ftr  ■&' J 
size  is  concerned,  that  selection  is  apparently  a  more  powerful  agoiA  M 
than  a  large  supply  of  food,  for  wo  can  thus  only  account  for  ths'  f 
uiistence,  as  remarked  to  mo  by  Mr.  BIyth,  of  the  largest  anA  I 
ttmallMt  bnyxls  of  shoqi  in  the  same  country,  of  CoohinOhuia  fowla  ( 
und  Bantams,  of  small  Tumbler  and  large  Bunt  pigeons,  all  kept 
ti^other  and  supplied  with  abundant  uooriHluDeuL    NeverthelM  | 
there  can  be  little  donbt  that  our  domraticAted  animsls  have  beeQ'^ 
modified,  independently  of  the  increased  or  leasenod  use  of  pule,  W'  I 
Iho  conditions  to  which  they  have  been  snbjetited,  without  the  aw'  1 
ot selection.    For  instanoo.  Prof.  Rutimeyei ''  shows  tlict  the boncaoCd 
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domesticated  quadrupeds  can  be  distinguished  from  those  of  wild 
animals  by  the  state  of  their  surface  and  general  appearance.  It  is 
scarcely  possible  to  read  Nathusius's  excellent '  Vorstudien/  *  and 
doubt  that,  with  the  highly  improved  races  of  the  pig,  abundant 
food  has  produced  a  conspicuous  effect  on  the  general  form  of  the 
iKxly,  on  the  breadth  of  the  head  and  face,  and  even  on  the  teeth. 
Nathusius  rests  much  on  the  case  of  a  purely  bred  Berkshire  pig, 
which  when  two  months  old  became  diseased  in  its  digestive  organs, 
and  was  preserved  for  observation  until  nineteen  months  old ;  at 
this  ago  it  had  lost  several  characteristic  features  of  the  breed,  and 
had  acquired  a  long,  narrow  head,  of  large  size  relatively  to  its 
small  body,  and  elongated  legs.  But  in  this  cose  and  in  some  others 
we  ought  not  to  assume  that,  because  certain  characters  are  lost, 
perhaps  through  reversion,  under  one  course  of  treatment,  therefore 
that  they  were  at  first  directly  produced  by  an  opposite  treatment. 

In  the  case  of  the  rabbit,  which  has  become  feral  on  the  island  of 
Porto  Santo,  we  are  at  first  strongly  tempted  to  attribute  the 
whole  change — the  greatly  reduced  size,  the  altered  tints  of  the  fur, 
and  the  loss  of  certain  characteristic  marks — to  the  definite  action 
of  the  new  conditions  to  which  it  has  been  exposed.  But  in  all  such 
coses  we  have  to  consider  in  addition  the  tendency  to  reversion  to 
progenitors  more  or  less  remote,  and  the  natural  selection  of  the 
finest  shades  of  difference. 

The  nature  of  the  food  sometimes  either  definitely  induces  certain 
peculiarities,  or  stands  in  some  close  relation  with  them.  Fallas 
long  ago  asserted  that  the  fat-tailed  sheep  of  Siberia  degenerate 
and  lose  their  enormous  tails  when  removed  from  certain  saline 
pastures ;  and  recently  Erman  ^  states  that  this  occurs  with  the 
Kirgisian  sheep  when  brought  to  Orenburgh. 

It  is  well  known  that  hemp-seed  causes  bullfinches  and  certain 
other  birds  to  become  black.  Mr.  "Wallace  has  communicated  tome 
some  much  more  remarkable  facts  of  the  same  nature.  The  natives 
of  the  Amazonian  region  feed  the  common  green  parrot  (('hrysotia 
/estiva,  Linn.)  with  the  fat  of  large  Siluroid  fishes,  and  the  birds 
thus  treated  become  beautifully  variegated  with  red  and  yellow 
feathers.  In  the  Malayan  archipelago,  the  natives  of  Gilolo  alter  in 
an  analogous  manner  the  colours  of  another  parrot,  namely,  the 
fjorius  gnrrvHun,  Linn.,  and  thus  produce  the  Lori  rajah  or  King- 
Lory.  These  parrots  in  the  Malay  Islands  and  South  America, 
when  fed  by  the  natives  on  natural  vegetable  food,  such  as  rice  and 
plaintains,  retain  their  proper  colours.  Mr.  Wallace  has,  also,  re- 
corded^'*  a  still  more  singular  fact.  **  The  Indians  (of  S.  America) 
*'  have  a  curious  art  by  which  tliey  change  the  colours  of  the  feathers 
"  of  many  birds.  They  pluck  out  those  from  the  part  they  wish  to 
"  paint;  and  inoculate  the  fresh  wound  with  the  milky  secretion 
"from  the  skin  of  a  small  toad.    The  feathers  grow  of  a  brilliant 


»•  •ScbweiDWcbftdel,'  1864,8.99.  "  A.  R.  Wallace,  *  Travels  od  the 

*•  'TrareU  in  Siberia,*  Eng.  trans-       Amazon  and  Kio  Negro/  p.  294. 
!ai.,  vol.  I.  p.  228. 


'1"0  DEFINITE   ACTION  OF   THE  C 

''  yellow  colour,  anil  on  being  plucked  out,  it  is  said,  grow  agam  d 
"  tlio  EBinc  colour  without  any  fresh  operation." 

Btwhstein"  does  not  entorteJD  any  doubt  that  Bocluaion  1 
liglit  affects,  at  least  temporarily',  the  coIodts  of  cage-birds. 

It  is  well  knowB  that  the  shells  of  land-moll obcd  ore  affected  t, 
tho  ftbundance  of  limo  indifferent  districts.  Isidore  Geoffro^  SsinI 
Hikire  "  gives  the  case  of  Hdix  Inciea,  which  has  recently  be  ' 
carried  from  Spain  to  tho  South  of  France  and  to  theKio  Flata,a_ 
iu  both  countries  now  presents  e.  distinct  appearanco,  but  wbetlu 
this  has  resulted  from  food  or  climate  is  not  known.  With  rBBpr* 
to  the  common  ofstor,  Mr.  F.  Suckland  informs  me  that  be  c 
generally  distinguish  tho  sholls  from  diff(?rcnt  districts;  yon 
oysters  brouglit  from  Wales  and  laid  down  in  beds  where  "  nativtl 
nve  indigenous,  in  the  short  space  of  two  months  begin  to  a 
Uie"  native  "character.  U.  Costa"  has  recorded  a  mncfa  ro' 
markabte  case  of  the  same  nature,  namely,  that  young  shells  t  ._. 
from  the  shores  of  Fnglaod  and  placed  in  the  Meditemmean,  i 
once  altered  their  mnnner  ofgrowth  and  formed  prominent  diver] 
raysjliko  thoseon  theshullsof  the  proper  Meditemuieon  oyster,  __ 
saine  individual  shell,  showing  both  forms  of  growth,  was  eihibitd 
before  a  society  in  Paris.  Lastly,  tt  is  well  known  that  caterpilla 
fed  on  diflerent  food  sometimes  either  themselves  ooquiro  a  dinera 
colour  or  produce  moths  differing  in  colour." 

It  would  be  travelling  beyond  my  proper  limits  here  (o  discnw 
how  far  orcam'c  bciiigs  in  a  state  of  nature  are  definitely  modified 
by  changed  conditions).  In  my  *  Origin  of  Species '  I  have  given  b 
brief  abstract  of  the  facta  bearing  on  this  point,  and  have  shown  the 
influence  of  light  on  tho  colourr  of  birds,  and  of  residence  near  tbt 
sea  on  tlie  lurid  tints  of  insects,  and  on  the  succulency  of.  plaaitt 
Mr.  lierbert  Spencer"  has  recently  discussed  with  much  abili^ 
this  whole  subject  on  gcuenit  grounds.  Ue  argues,  for  instanc. 
that  with  all  animals  the  eitcmnland  latcmsl  tissues  are  different)^ 
acted  on  by  the  surrounding  coiiditiauR,  and  they  invariably  diA 
in  intjmalo  stmcture.  So  again  the  upper  and  lower  snt&oea  fl 
true  le.ivcs,  as  well  as  of  stems  and  petioles,  when  these  H 
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the  fanctlon  and  occupy  the  position  of  leayes,  are  differently 
circumstanced  with  respect  to  light,  <fec.,  and  apparently  in  con- 
sequence differ  in  structure.  But,  as  Mr.  Herbert  Spencer  admits, 
it  is  most  difficult  in  all  such  cases  to  distinguish  between  the 
effects  of  the  definite  action  of  physical  conditions  and  the  accumu- 
lation through  natural  selection  of  inherited  variations  which  are 
serviceable  to  the  organism,  and  which  have  arisen  independently 
of  the  definite  action  of  these  conditions. 

Although  we  are  not  here  concerned  with  the  definite 
action  of  the  conditions  of  life  on  organisms  in  a  state  of 
nature,  I  may  state  that  much  evidence  has  been  gained 
during  the  last  few  years  on  this  subject.  In  the  United 
States,  for  instance,  it  has  been  clearly  proved,  moro 
especially  by  Mr.  J.  A.  Allen,  that,  with  birds,  many  species 
differ  in  tint,  size  of  body  and  of  beak,  and  in  length  of  tail, 
in  proceeding  from  the  North  to  the  South ;  and  it  appears 
that  these  differences  must  bo  attributed  to  the  direct  action 
of  temperature.^*  With  respect  to  plants  I  will  give  a  some- 
what analogous  case :  Mr.  Meehan,*^  has  compared  twenty- 
nine  kinds  of  American  trees  with  their  nearest  European 
allies,  all  grown  in  close  proximity  and  under  as  nearly  as 
possible  the  same  conditions.  In  the  American  species  he 
finds,  with  the  rarest  exceptions,  that  the  leaves  fall  earlier  in 
Iho  season,  and  assume  before  their  fall  a  brighter  tint ;  that 
they  are  less  deeply  toothed  or  serrated ;  that  the  buds  are 
smaller ;  that  the  trees  are  more  diffuse  in  growth  and  have 
fewer  branchlets ;  and,  lastly,  that  tlie  seeds  are  smaller— all 
in  comparison  with  the  corresponding  European  species.  Now 
considering  that  these  corresponding  trees  belong  to  several 
distinct  orders,  and  that  they  are  adapted  to  widely  different 
stations,  it  can  hardly  be  supposed  that  their  differences  are 
of  any  special  service  to  them  in  the  New  and  Old  worlds ; 
and  if  so  such  differences  cannot  have  been  gained  through 
natural  selection,  and  must  be  attributed  to  the  long  con- 
tinued action  of  a  different  climate. 

**  Professor   Weismann    comes    to  other  authors  on  the  present  Mibject ; 

the  same  conclusion  with  respect  to  fur  instance,  to  Kernor's  *  CJutu  und 

certain   European    butterflies   in   his  nchlechte  Arten,'  1866. 
valuable  essay,    *  Ueber  den   Saison*  *^  *  Proc  Acad.  Nat.  Soc.  of  Phila- 

Dimorphismus,'  1875.     I  might  also  dclphia,'  Jan.  28th,  1862. 
refer  to  the  recent  works  of  sercral 
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Galls, — Another  class  of  facts,  not  relating  to  cultivated 
plants,  deserves  attention.  I  allude  to  the  production  of  galls. 
Every  one  knows  the  curious,  bright-red,  hairy  productions 
on  the  wild  rose-tree,  and  the  various  different  galls  produced 
by  the  oak.  Some  of  the  latter  resemble  fruit,  with  one  face 
as  rosy  as  the  rosiest  apple.  These  bright  colours  can  bo  of 
no  service  either  to  the  gall-forming  insect  or  to  the  tree,  and 
probably  are  the  direct  result  of  the  action  of  the  light,  in  the 
same  manner  as  the  apples  of  Nova  Scotia  or  Canada  arc 
brighter  coloured  than  English  apples.  According  to  Oston 
Sacken*s  latest  revision,  no  less  than  fifty-eight  kinds  of  galls 
are  produced  on  the  several  species  of  oak,  by  Cynips  with  its 
sub-genera;  and  Mr.  B.  D.  Walsh^^  states  that  he  can  add 
many  others  to  the  list.  One  American  species  of  willow, 
the  Salix  humilisy  bears  ten  distinct  kinds  of  galls.  The  leaves 
which  spring  from  the  galls  of  various  English  willows  differ 
completely  in  shape  from  the  natural  leaves.  The  young 
shoots  of  junipers  and  firs,  when  punctured  by  certain  insects, 
yield  monstrous  growths  resembling  flowers  and  fir-cones  ;  and 
the  flowers  of  some  plants  become  from  tlie  same  cause  wholly 
changed  in  appearance.  Galls  are  produced  in  every  quartci- 
of  the  world ;  of  several  sent  to  me  by  Mr.  Thwaites  from 
Ceylon,  some  were  as  symmetrical  as  a  composite  flower 
when  in  bud,  others  smooth  and  spherical  like  a  berry ;  some 
protected  by  long  spines,  others  clothed  with  yellow  wool 
formed  of  long  cellular  hairs,  others  with  regularly  tufted 
hairs.  In  some  galls  the  internal  structure  is  simple,  but  in 
others  it  is  highly  complex ;  thus  M.  Lacaze-Duthiers^'  has 
figured  in  the  common  ink-gall  no  less  than  seven  conoontric 
layers,  composed  of  distinct  tissue,  namely,  the  epidermic, 
sub-epidermic,  spongj',  intermediate,  and  the  hard,  protective 
layer  formed  of  curiously  thickened  woody  cells,  and,  lastly, 
the  central  mass,  abounding  with  starch-granules  on  which 
the  larvai  feed. 

Galls  are  produced  by  insects  of  various  orders,  but   the 

*•  See  Mr.  B.  D.  WaUh's  excellent  18«4,  p.  540. 
impers   in    *  Proc    Entomolog.    Soc.  **  ik-e  his  admirable  *  Histoin  <les 

rhila-lclphia,*   Dec    1866,    p.    284.  Gallt<  in  *  Annal.  des  Sc  Nat.  Boi./ 

With  respect  to  the  willow;  sec  ibid.,  3rd  scries,  torn,  xix.,  1853,  p.  273.  * 
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greater  number  by  species  of  Cynips.  It  is  impossible  to  read 
M.  Lacaze-Duthiers'  discussion  and  doubt  that  the  poisonous 
secretion  of  the  insect  causes  the  growth  of  the  gall ;  and  every 
one  knows  how  virulent  is  the  poison  secreted  by  wasps  and 
bees,  which  belong  to  the  same  group  with  Cynips.  Galls 
grow  with  extraordinary  rapidity,  and  it  is  said  that  they 
attain  their  full  size  in  a  few  days  ;  ^^  it  is  certain  that  they 
are  almost  completely  developed  before  the  larveB  are  hatched. 
CJonsidering  that  many  gall-insects  are  extremely  small,  the. 
drop  of  secreted  poison  must  be  excessively  minute ;  it  pro- 
bably acts  on  one  or  two  cells  alone,  which,  being  abnor- 
mally stimulated,  rapidly  increase  by  a  process  of  self-division. 
Galls,  as  Mr.  Walsh^^  remarks,  afford  good,  constant,  and 
definite  characters,  each  kind  keeping  as  true  to  form  as  does 
any  independent  organic  being.  This  fact  becomes  still  more 
remarkable  when  wo  hear  that,  for  instance,  seven  out  of  the 
ten  different  kinds  of  galls  produced  on  Salix  humilis  are  formed 
by  gall-gnats  {Cecidomyidce)  which  "  though  essentially  dis- 
**  tinct  species,  yet  resemble  one  another  so  closely  that  in 
"  almost  all  cases  it  is  difficult,  and  in  most  cases  impossible, 
"  to  distinguish  the  full-grown  insects  one  from  the  other."^^ 
For  in  accordance  with  »wide-spread  analogy  we  may  safely 
infer  that  the  poison  secreted  by  insects  so  closely  allied 
would  not  differ  much  in  nature ;  yet  this  slight  difference  is 
sufficient  to  induce  widely  different  results.  In  some  few 
cases  the  same  species  of  gall-gnat  produces  on  distinct  species 
of  willows  galls  which  cannot  be  distinguished ;  the  Cynips 
fecundatrix,  also,  has  been  known  to  produce  on  the  Turkish 
oak,  to  which  it  is  not  properly  attached,  exactly  the  same 
kind  of  gall  as  on  the  European  oak.*^  These  latter  facts 
apparently  prove  that  the  nature  of  the  poison  is  a  more 
powerful  agent  in  determining  tlie  form  of  the  gall  than  the 
specific  character  of  the  tree  which  is  acted  on. 

As  the  poisonous  secretion  of  insects  belonging  to  various 
orders  has  the  special  power  of  affecting  the  growth  of  various 

*•  KirbyaiKiSponce's*  Entomology,'  »*  Mr.  B.  D.  Walsh,  iliJ.,  p.  63:5, 

1818,  vol.  i.  p.  460;  Lacazc-Duthiers,  and  Dec.  1866,  p.  275. 
ibid.,  p.  284.  "  Mr.  B.  D.  Walsh,  ibid.,  1864,  pp 

"  'Proc.  Entomolog.   Soc.    Phila-  545,411.495;  and  Dec.  1866,  p.  27 »<. 

delphia,'  1864,  p.  558.  See  also  Lncazc-Duthicrs. 
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plants ;  as  a  slight  difference  in  the  nature  of  the  poison  snfBccs 
to  produce  widely  different  results ;  and  lastly,  as  we  know 
that  the  chemical  compounds  secreted  by  plants  are  eminently 
liable  to  be  modified  by  changed  conditions  of  life,  wo  may 
believe  it  possible  that  various  parts  of  a  plant  might  be 
modified  through  the  agency  of  its  own  altered  secretions. 
Compare,  for  instance,  the  mossy  and  viscid  calyx  of  a  moss- 
rose,  which  suddenly  appears  through  bud-variation  on  a 
JProvence-rose,  with  the  gall  of  red  moss  growing  from  -the 
inoculated  leaf  of  a  wild  rose,  with  each  filament  symmetri- 
cally branched  like  a  microscopical  spruce-fir,  bearing  a 
glandular  tip  and  secreting  odoriferous  gummy  matter.**  Or 
compare,  on  the  one  hand,  the  fruit  of  the  peach,  with  its 
hairy  skin,  fleshy  covering,  hard  shell  and  kernel,  and  on  the 
other  hand  one  of  the  more  complex  galls  with  its  epidermic, 
spongy,  and  woody  layers,  surrounding  tissue  loaded  with 
starch  granules.  These  normal  and  abnormal  structures 
manifestly  present  a  certain  degree  of  resemblance.  Or, 
again,  reflect  on  the  cases  above  given  of  parrots  which  have 
had  their  plumage  brightly  decorated  through  some  chaBgo 
in  their  blood,  caused  by  having  been  fed  on  certain  fishes,  or 
locally  inoculated  with  the  poison  ^  a  toad.  I  am  far  from 
wishing  to  maintain  that  the  moss-rose  or  the  hard  shell  of 
the  peach-stone  or  the  bright  colours  of  birds  are  actually  duo 
to  any  chemical  change  in  the  sap  or  blood  ;  but  these  cases  of 
galls  and  of  parrots  are  excellently  adapted  to  show  us  how 
powerfully  and  singularly  external  agencies  may  affect  struc- 
ture. With  such  facts  beibre  us,  we  need  feel  no  surprise 
at  the  appearance  of  any  modification  in  any  organic  being. 

I  may,  also,  hero  allude  to  the  remarkable  effects  which  parasitic 
fungi  sometimes  produce  on  plants.  Eeissek^'has  described  a 
Thesium,  affected  by  an  CEcidium,  which  was  greatly  modified,  and 
assumed  some  of  the  characteristic  features  of  certain  allied  species, 
or  even  genera.  Suppose,  says  Reissek,  "  the  condition  originally 
"  caused  by  the  fungus  to  become  constant  in  the  course  of  time, 
the  plant  would,  if  found  growing  wild,  be  considered  as  a  distinct 
sixjcies  or  even  as  belonging  to  a  new  genus."     I  quote  this 


ft 
tt 


••  Lacaze-Duthiers,  ibid.,  pp.  325,       by  Dr.  M.  T.  Masters,  Royal  lofftita- 
328.  ti'on,  March  IGth,  18G0. 

*•  *LiDD2ca,*  rol.  xvii.,  1843  ;  quoted 
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remark  to  show  Low  profoundly,  yet  in  how  natural  a  manner,  this 
plant  must  have  been  modified  by  the  parasitic  fungus.  Mr. 
Sleehan**  also  states  that  three  species  of  Euphorbia  and  Portufaca 
olereacea,  which  naturally  grow  prostrate,  become  erect  when  they 
are  attacked  by  the  QScidium.  Eujyhorhia  macufata  in  this  case  also 
becomes  nodose,  with  the  branchlets  comparatively  smooth  and  the 
leaves  modified  in  shape,  approaching  in  these  respect*  to  a  distinct 
species,  namely,  the  K  hyper ici folia. 

Facts  and  Considerations  opposed  to  the  belief  that  the  Conditions 
of  Life  act  in  a  potent  manner  in  causinj  definite  Modifications 
of  Structure, 

I  have  alluded  to  the  slight  differences  in  species  naturally 
living  in  distinct  countries  under  different  conditions ;  and 
such  differences  wo  feel  at  first  inclined  to  attribute,  probably 
often  with  justice,  to  the  definite  action  of  the  surrounding  con- 
ditions. But  it  must  bo  borne  in  mind  that  there  exist  many 
animals  and  plants  which  range  widely  and  have  been  exposed 
to  great  diversities  of  climate,  yet  remain  uniform  in  character. 
Some  authors,  as  previously  remarked,  account  for  the  varie- 
ties of  our  culinary  and  agricultural  plants  by  the  definite 
action  of  the  conditions  to  which  they  have  been  exposed  in 
the  different  parts  of  Great  Britain ;  but  there  are  about  200 
plants  ^^  which  are  foundin  every  single  English  county ;  and 
these  plants  must  have  been  exposed  for  an  immense  period 
to  considerable  differences  of  climate  and  soil,  yet  do  not 
differ,  hfo,  again,  some  animals  and  plants  range  over  a  large 
lK)rtion  of  the  world,  yet  retain  the  same  character. 

Notwithstanding  the  facts  previously  given  on  the  occurrence  of 
lii^lily  peculiar  local  diseases  and  on  tlie  strange  modifications  of 
structure  in  plants  caused  by  the  inoculated  poison  of  insects,  and 
other  analogous  cases;  still  there  are  a  multitude  of  variations- 
such  as  the  modified  skull  of  the  niata  ox  and  bulldog,  the  long 
horns  of  Caffre  cattle,  the  conjoined  toes  of  the  solid-hoofed  swine,, 
the  immense  crest  and  protuberant  skull  of  Polish  fowls,  the  crop 
f)f  the  pouter- pigeon,  and  a  host  of  other  such  cases — which  wo  can 
hardly  attribute  to  the  definite  action,  in  the  sense  before  specified, 
of  the  external  conditions  of  life.  No  doubt  in  every  case  there 
must  have  been  some  exciting  cause ;  but  as  we  see  innumerable 


"  *  Pif  c.  Acad.  Nat.  Sc.,  PhiladeU  "  Hcwctt    C.     Watson,     *  Cybcle 

phia/ Juue  10,   1874,   and  July  23,       Britannica,' vol.  i.,  1847,  p.  11. 
187:». 
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individuals  exposed  to  nearly  the  same  conditions,  and  one  alone  18 
affected,  we  may  conclude  that  the  constitution  of  the  indiTidnol  is 
of  far  higher  importance  than  the  conditions  to  which  it  has  been 
exposed.  It  seems,  indeed,  to  be  a  general  rule  that  conspicnous 
variations  occur  rarely,  and  in  one  individual  alone  out  of  miUianSy 
though  all  may  have  been  exposed,  as  far  as  we  can  judge,  to  nearly 
the  same  conditions.  As  the  most  strongly  marked  variations 
graduate  insensibly  into  the  most  trifling,  wo  are  led  by  the  aamo 
train  of  thought  to  attribute  each  slight  variation  much  more  to 
innate  differences  of  constitution,  however  caused,  than  to  the 
definite  action  of  the  surrounding  conditions. 

Wo  are  led  to  the  same  conclusion  by  considering  the  cases, 
formerly  alluded  to,  of  fowls  and  pigeons,  which  have  varied  and 
will  no  doubt  go  on  varying  in  directly  opposite  ways,  though  kept 
during  many  generations  under  nearly  the  same  conditions.  Some, 
for  instance,  are  bom  with  their  beaks,  wings,  tails,  l^s,  &c,  a 
little  longer,  and  others  with  these  f^ame  parts  a  little  shorter.  By 
the  long-continued  selection  of  such  slight  individual  differences 
which  occur  in  birds  kept  in  the  same  aviary,  widely  different  races 
could  certainly  be  fonneil ;  and  long-continued  selection,  important 
a?  is  the  result,  does  nothing  but  preserve  the  variations  which  arise, 
as  it  appears  to  us,  spontaneously. 

In  these  cases  we  see  that  domesticated  animals  vary  in  an 
indefinite  number  of  particulars,  though  treated  as  uniformly  as 
is  possible.  On  the  other  hand,  there  are  instances  of  animals  and 
plants,  which,  though  they  have  been  exposed  to  very  different 
conditions,  both  under  nature  and  domestication,  have  varied  in 
nearly  the  same  manner.  Mr.  Layard  informs  me  that  he  has 
observed  amongst  the  Caffres  of  South  Africa  a  dog  singularly  like 
an  arctic  Esquimaux  dog.  Pigeons  in  India  present  nearly  the 
same  witle  diversities  of  colour  as  in  Europe;  and  I  have  seen 
chequered  and  simply  l)arrcd  pigeons,  and  pigeons  with  blue  and 
white  loins,  from  Sierra  Leone,  Madeira,  England,  and  India.  New 
varieties  of  flowers  are  continually  raised  in  different  parts  of  Great 
Britain,  but  many  of  these  are  found  by  the  judges  at  our  exhibitions 
to  be  almost  identical  with  old  varieties.  A  vast  numl)er  of  new 
fruit-trees  and  culinary  vegetables  have  been  produced  in  North 
America  :  these  differ  from  European  varieties  in.  the  same  general 
manner  as  the  several  varieties  raised  in  Europe  differ  from  one 
another;  and  no  one  has  ever  pretended  tliat  the  .climate  of  Ainerica 
has  given  to  the  many  American  varieties  any  general  character  by 
whicli  they  can  be  recognised.  Nevertheless,  from  the  facts  pre- 
viously advanced  on  the  authority  of  Mr.  Meehan  with  respect  to 
American  and  European  forest-trees  it  would  be  rash  to  affirm  tliat 
varieties  raiseil  in  the  two  countries  would  not  in  tho  course  of 
ages  assume  a  distinctive  character.  Dr.  ^f.  Masters  has  recorded  a 
striking  fjict"  bearing  on  this  subject:  he  raised  numerous  plants 


»•  'Gardener's  Chronicle,'  1857.  \\  620. 
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of  TTyhiscm  $yriacus  from  seed  collected  in  South  Caroliua  aiid  the 
Holy  Land,  where  the  parent-plants  must  have  been  exposed  to 
considerably  different  conditions;  yet  the  seedlings  from  both 
localities  broke  into  two  similar  strains,  one  with  obtuse  leaves  and 
purple  or  crimson  flowers,  and  the  other  with  elongated  leaves  and 
more  or  less  pink  flowers. 

.  We  may,  also,  infer  the  prepotent  influence  of  the  constitution  of 
the  organism  over  the  definite  action  of  the  conditions  of  life,  from 
the  several  cases  given  in  the  earlier  chapters  of  parallel  series  of 
varieties, — ^an  important  subject,  hereafter  to  be  more  fully  dis- 
cussed. Sub- varieties  of  the  several  kinds  of  wheat,  gourds,  peaches, 
and  other  plants,  and  to  a  limited  extent  sub- varieties  of  the  fowl, 
pigeon,  ana  dog,  have  been  shown  either  to  resemble  or  to  differ 
from  one  another  in  a  closely  corresponding  or  parallel  manner. 
In  other  cases,  a  variety  of  one  species  resembles  a  distinct  species ; 
or  tlie  varieties  of  two  distinct  species  resemble  one  another. 
Although  these  parallel  resemblances  no  doubt  often  result  from 
reversion  to  the  former  characters  of  a  common  progenitor ;  yet  in 
other  cases,  when  new  characters  first  appear,  the  resemblance  must 
be  attributed  to  the  inheritance  of  a  similar  constitution,  and  con- 
sequently to  a  tendency  to  vary  in  the  same  manner.  We  see 
something  of  a  similar  kind  in  the  same  monstrosity  apixjaring  and 
reappearing  many  times  in  the  same  species  of  animal,  and,  as  Dr. 
Maxwell  Masters  has  remarked  to  me,  in  the  same  species  of  phmt. 

We  may  at  least  conclude,  that  the  amount  of  modification 
which  animals  and  plants  have  undergone  under  domestication 
docs  not  correspond  with  the  degree  to  which  they  have  iKien 
subjected  to  changed  circumstances.  As  we  know  the  parent- 
age of  domesticated  birds  far  better  than  of  most  quadrupedn, 
wo  will  glance  through  the  list.  The  pigeon  hfis  varied  in 
Europe  more  than  almost  any  other  bird ;  yet  it  is  a  native 
species,  and  has  not  been  exposed  to  any  extraordinary  change 
of  conditions.  The  fowl  has  varied  equally,  or  almost  equally, 
with  the  pigeon,  and  is  a  native  of  the  hot  jungles  of  India. 
Neither  the  peacock,  a  native  of  the  same  country,  nor  the 
guinea-fowl,  an  inhabitant  of  the  dry  deserts  of  Africa,  has 
varied  at  all,  or  only  in  colour.  The  turkey,  from  Mexico, 
has  varied  but  little.  The  duck,  on  the  other  hand,  a  native 
of  Europe,  has  yielded  some  well-marked  races  ;  and  as  this 
is  an  aquatic  bird,  it  must  have  been  subjected  to  a  far  more 
serious  change  in  its  habits  than  the  pigeon  or  even  the  fowl, 
which  nevertheless  have  varied  in  a  much  higher  degree. 
The  goose,  a  native  of  Europe  and  aquatic  like  the  duck,  has 
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varied  less  than  any    other  domesticated   bii*d,  except  the 
peacock. 

Bud- variation  is,  also,  important  under  our  present  point  of 
view.  In  some  few  cases,  as  when  all  the  eyes  on  the  same 
tuber  of  the  potato,  or  all  the  fruit  on  the  same  plum-tree,  or 
all  the  flowers  on  the  same  plant,  have  suddenly  varied  in  the 
same  manner,  it  might  be  argued  that  the  variation  had  been 
definitely  caused  by  some  change  in  the  conditions  to  which 
the  plants  had  been  exposed;  yet,  in  other  cases,  such  an 
admission  is  extremely  difficult.  As  new  characters  some- 
tiuies  appear  by  bud-variation,  wliich  do  not  occur  in  the 
jmrent- species  or  in  any  allied  species,  we  may  reject,  at  least 
in  these  cases,  the  idea  that  they  are  due  to  reversion.  Now 
it  is  well  worth  while  to  reflect  maturely  on  some  striking 
case  of  bud- variation,  for  instance  that  of  the  peach.  This 
tree  has  been  cultivated  by  the  million  in  various  parts  of  the 
world,  has  been  treated  difierently,  grown  on  its  own  roots 
and  grafted  on  various  stocks,  planted  as  a  standard,  trained 
against  a  wall,  or  under  glass ;  yet  each  bud  of  each  snb- 
variety  keeps  true  to  its  kind.  But  occasionally,  at  long 
intervals  of  time,  a  tree  in  England,  or  under  the  widely 
diffbrent  climate  of  Virginia,  produces  a  single  bud,  and  this 
yields  a  branch  which  ever  afterwards  bears  nectarines. 
Nectarines  differ,  as  every  one  knows,  from  peaches  in  their 
smoothness,  size,  and  flavour;  and  tlie  diflference  is  so  great 
that  some  botanists  have  maintained  that  they  are  speci- 
fically distinct.  So  permanent  are  the  characters  thus 
suddenly  acquired,  that  a  nectarine  produced  by  bud-variation 
has  propagated  itself  by  seed.  To  guard  against  the  supposi- 
tion that  there  is  some  fundamental  distinction  1  ctween  bud 
and  seminal  variation,  it  is  well  to  bear  in  mind  that 
nectarines  have  likewise  l>een  produced  from  the  stone  of  the 
peach ;  and,  reversely,  peaches  from  the  stone  of  the  nectarine. 
Sow  is  it  possible  to  conceive  external  conditions  more 
closely  alike  than  those  to  which  the  buds  on  the  same  tree 
are  exposed  ?  Yet  one  bud  alone,  out  of  the  many  thousands 
borne  by  the  same  tree,  has  suddenly,  without  any  apparent 
cause,  produced  a  nectarine.  But  the  case  is  even  stronger 
than  this,  fnr  the  same  flower -bud  has  vielded  a  fruit,  one- 
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lialf  or  one-quartor  a  nectarine,  and  the  other  half  or  three- 
quarters  a  poach.  Again,  seven  or  eight  varieties  of  the 
peach  have  yielded  by  bud- variation  nectarines  :  the  nectarines 
thus  produced,  no  doubt,  differ  a  little  from  one  another ; 
but  still  they  are  nectarines.  Of  course  there  must  be 
some  cause,  internal  or  external,  to  excite  the  peach-bud  to 
change  its  nature;  but  I  cannot  imagine  a  class  of  facts 
better  adapted  to  force  on  our  minds  the  conviction  that 
what  we  call  the  external  conditions  of  life  are  in  many  cases 
quite  insignificant  in  relation  to  any  particular  variation,  in 
comparison  with  the  organisation  or  constitution  of  the  being 
which  varies. 

It  is  known  from  the  labours  of  Geoffrey  Saint-Hilaire,  and 
recently  from  those  of  Dareste  and  others,  that  eggs  of  the 
fowl,  if  shaken,  placed  upright,  perforated,  covered  in  part 
with  varnish,  etc.,  produce  monstrous  chickens.  Now  these 
monstrosities  may  be  said  to  be  directly  caused  by  such 
unnatural  conditions,  but  the  modifications  thus  induced  are 
not  of  a  definite  nature.  An  excellent  observer,  M.  Camille 
Dareste,^'  remarks  **  that  the  various  spopies  of  monstrosities 
**  are  not  determined  by  specific  causes ;  the  external  agencies 
**  which  modify  the  development  of  the  embryo  act  solely  in 
**  causing  a  perturbation — a  perversion  in  the  normal  course  of 
**  development."  He  compares  the  result  to  what  we  see  in 
illness  :  a  sudden  chill,  for  instance,  affects  one  individual 
alone  out  of  many,  causing  either  a  cold,  or  sore-throat,  rheu- 
matism, or  inflammation  of  the  lungs  or  pleura.  Contagious 
matter  acts  in  an  analogous  manner.*^  We  may  take  a  still 
more  specific  instance  :  seven  pigeons  were  struck  by  rattle- 
snakes :^^  some  suffered  from  convulsions ;  some  had  their 
blood  coagulated,  in  others  it  was  perfectly  fluid ;  some 
showed  ecchymosed  spots  on  the  heart,  others  on  the  intestines, 
&c. ;  others  again  showed  no  visible  lesion  in  any  organ.  It 
is  well  known  that  excess  in  drinking  causes  different  diseases 

»•    *M<moire    sur   la    Production  his  *  Vie,Travaux,*  l-c,  1847,  p.  290. 
Artificielle  dcs  Monftniosit^s,'  1862,  ••  Paget,    *  Lectures    on    Surgical 

pp.  8-12;  *  Recherchesfur  les  Condi-  Pathology,*  1853,  vol.  i.  p.  483. 
tions,  Ac,  che2  let  Monstres,'  1863,  ••  *  Researches  upon  the  Venom  of 

p.    6.     An    abstract   is     giren    of  the  Rattle-snake,'  Jan.  1801,  by  Dr. 

QeoflTroy's  Ezperimentf  by  his  son,  in  Mitchell,  p.  67. 
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in  dififerent  men ;  but  in  the  tropics  the  effects  of  intemper- 
ance differ  from  those  caused  in  a  cold  climate ;  ^^  and  in  this 
case  we  see  the  definite  influence  of  opposite  oonditionB. 
The  foregoing  facts  apparently  give  us  as  good  an  idea 
we  are  likely  for  a  long  time  to  obtain,  how  in  many 
external  conditions  act  directly,  though  not  definitely,  in 
causing  modifications  of  structure. 

Summary,  — There  can  be  no  doubt,  from  the  facts  given  in 
this  chapter,  that  extremely  slight  changes  in  the  conditions 
of  life  sometimes,  probably  often,  act  in  a~  definite  manner 
on  our  domesticated  productions ;  and,  as  the  action  of 
changed  conditions  in  causing  indefinite  variability  is  accouiu- 
lative,  so  it  may  be  with  their  definite  action.  Henoe 
considerable  and  definite  modifications  of  structure  probably 
follow  from  altered  conditions  acting  during  a  long  series  of 
generations.  In  some  few  instances  a  marked  effect  has  been 
produced  quickly  on  all,  or  nearly  all,  the  individuals  which 
have  been  exposed  to  a  marked  change  of  climate,  food,  or 
other  circumstance.  This  has  occurred  with  European  men  in 
the  United  States,  with  European  dogs  in  India,  with  horses 
in  the  Falkland  Islands,  apparently  with  various  animals  at 
Angora,  with  foreign  oysters  in  the  Mediterranean,  and  with 
maize  transported  from  one  climate  to  another.  We  have 
seen  that  the  chemical  compounds  of.  some  plants  and  the 
state  of  their  tissues  are  readily  affected  by  changed  condi- 
tions. A  relation  apparently  exists  between  certain  characters 
and  certain  condition?,  so  that  if  the  latter  be  changed  the 
character  is  lost— as  with  the  colours  of  flowers,  the  state  of 
some  culinary  plants,  the  fruit  of  the  melon,  the  tail  of 
fat-tailed  sheep,  and  the  peculiar  fleeces  of  other  sheep. 

The  production  of  galls,  and  the  change  of  plumage  in  parrots 
when  fed  on  peculiar  food  or  when  inoculated  by  the  poison 
of  a  toad,  prove  to  us  what  great  and  mysterious  changes  in 
structure  and  colour,  may  bo  the  definite  result  of  chemical 
changes  in  the  nutrient  fluids  or  tissues.. 

We  now  almost  certainly  know  that  organic  beings  in  a 

•*  Mr.  Sodgwick,  in  *  British  and  Foreign  Medico-Chirnrg.  Review/  July 
1863,  p.  175. 
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state  of  nature  may  be  modified  in  various  definite  ways  by 
the  conditions  to  which  they  have  been  long  exposed,  as  in 
the  case  of  the  birds  and  other  animals  in  the  northern  and 
southern  United  States,  and  of  American  trees  in  comparison 
with  their  representatives  in  Europe.  But  in  many  cases  it 
is  most  difficult  to  distinguish  between  the  definite  result  of 
changed  conditions,  and  the  accumulation  through  natural 
selection  of  indefinite  variations  which  have  prove  serviceable. 
If  it  profited  a  plant  to  inhabit  a  humid  instead  of  an  arid 
station,  a  fitting  change  in  its  constitution  might  possibly 
result  from  the  direct  action  of  the  environment,  though  we 
have  no  grounds  for  believing  that  variations  of  the  right 
kind  would  occur  more  frequently  with  plants  inhabiting  a 
station  a  little  more  humid  than  usual,  than  with  other  plants. 
Whether  the  station  was  unusually  dry  or  humid,  variations 
adapting  the  plant  in  a  slight  degree  for  directly  opposite 
habits  of  life  would  occasionally  arise,  as  we  have  good  reason 
to  believe  from  what  we  actually  see  in  other  cases. 

The  organisation  or  constitution  of  the  being  which  is 
acted  on,  is  generally  a  much  more  important  element  than 
the  nature  of  the  changed  conditions,  in  determining  the 
nature  of  the  variation.  We  have  evidence  of  this  in  the 
appearance  of  nearly  similar  modifications  under  dificrent 
conditions,  and  of  different  modifications  under  apparently 
nearly  the  same  conditions.  We  have  still  better  evidence  of 
this  in  closely  parallel  varieties  being  frequently  produced 
from  distinct  races,  or  even  distinct  species ;  and  in  the 
frequent  recurrence  of  tlie  same  monstrosity  in  the  same 
species.  We  have  also  seen  that  the  degree  to  which 
domesticated  birds  have  varied,  does  not  stand  in  any  olose 
relation  with  the  amount  of  change  to  which  they  have  been 
subjected. 

To  recur  once  again  to  bud- variations.  When  we  reflect  on 
the  millions  of  buds  which  many  trees  have  produced,  before 
some  one  bud  has  varied,  we  are  lost  in  wonder  as  to  what 
the  precise  cause  of  each  variation  can  Ix).  Tiot  us  recall  the 
case  given  by  Andrew  Knight  of  the  forty-year-old  tree  of  the 
yellow  magnum  bonum  plum,  an  old  variety  which  has  been 
propagated  by  grafts  on  various  stocks  for  a  very  long  period 
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tlironghoiit  Europe  and  North  America,  and  on  which  a 
single  bud  suddenly  produced  the  nxl  magnum  bonnm.  We 
should  also  l>ear  in  mind  that  distinct  varieties,  and  even 
distinct  species, — as  in  the  case  of  peaches,  nectarines,  and 
apricots, — of  certain  roses  and  camellias, — although  separated 
by  a  vast  number  of  generations  from  any  progenitor  in 
common,  and  although  cultivated  under  diversified  conditions, 
have  yielded  by  bud-variation  closely  analogous  varieties. 
When  we  reflect  on  these  facts  we  become  deeply  impressed 
with  the  conviction  that  in  such  cases  the  nature  of  the 
variation  depends  but  little  on  the  conditions  to  which  the 
plant  has  been  exposed,  and  not  in  any  especial  manner  on 
its  individual  character,  but  much  more  on  the  inherited 
nature  or  constitution  of  the  whole  group  of  allied  beings  to 
which  the  plant  in  question  belongs.  We  are  thus  driven  to 
conclude  that  in  most  cases  the  conditions  of  life  play  a 
subordinate  part  in  causing  any  particular  modification ;  like 
that  which  a  spark  plays,  when  a  mass  of  combustibles  burst** 
into  flame — the  nature  of  the  flame  depending  on  the  com- 
bustible matter,  and  not  on  the  spark. *^ 

No  doubt  each  slight  variation  must  have  its  eflicient  cause  ; 
but  it  is  as  hopeless  an  attempt  to  discover  the  cause  of  each, 
as  to  say  why  a  chill  or  a  poison  afflects  one  man  differently 
from  another.  Even  with  modifications  resulting  from  the 
definite  action  of  the  conditions  of  life,  when  all  or  nearly  all 
the  individuals,  which  have  been  similarly  exposed,  are  simi- 
larly alTooted,  we  can  rarely  see  the  precise  relation  between 
cause  and  effect.  In  the  next  chapter  it  will  be  shown  that 
the  increased  use  or  disuse  of  vaiious  organs  produces  an 
inherited  effect.  It  will  further  be  seen  that  certain  varia- 
tions are  lx)und  together  by  correlation  as  well  as  by  other 
laws.  Beyond  this  we  cannot  at  present  explain  either  the 
causes  or  nature  of  the  variability  of  organic  beings. 

"  Professor       Wcismann      argues       'Saison-DimorphismusderSchmetier- 
strongly  in  favour  of  this  view  in  his       linge,'  1875,  pp.  40-43. 
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CHAPTER  XXIV. 

LAWS  OF   VARIATION — USK   AND  DISUSE,    ETC. 

HI8US  FOBMATIVUS,  OB  THE  C0-0R1)INATIN0  POWEB  OF  THE  OBOAinSATION — 
ON  THE  EFFECTS  OF  THE  INCBEA8ED  USE  AXD  DISUSE  OF  OUGANS — 
CHANGED  HABITS  OF  LIFE — ACCLIMATISATION  WITH  ANIMALS  AND  PIJINTS 
— VABI0U8  METHODS  BY  WHICH  THIS  CAN  BE  EFFECTED — ABBE8TS  OF 
DEVELOPMENT — RUDIMENTABY  0BGAN8. 

In  this  and  the  two  following  chapters  I  shall  discuss,  as  well 
as  the  difficulty  of  the  subject  permits,  the  several  laws  which 
govern  Variability.  These  may  be  grouped  under  the  efifects 
of  use  and  disuse,  including  changed  habits  and  acclimatisation 
— arrest  of  development — correlated  variation — the  cohesion 
of  homologous  parts — the  variability  of  multiple  parts --^com- 
pensation of  growth— the  position  of  buds  with  respect  to  the 
axis  of  the  plant — and  lastly,  analogous  variation.  These 
several  subjects  so  graduate  into  one  another  that  their  dis- 
tinction is  often  arbitrary. 

It  may  bo  convenient  first  briefly  to  discuss  that  co- 
ordinating and  reparative  power  which  is  common,  in  a  higher 
or  lower  degree,  to  all  organic  beings,  and  which  was  formerly 
designated  by  physiologists  as  nisus  formcUivus, 

Blumenbach  and  others  ^  have  insisted  that  the  principle  which 
permits  a  Hydra,  when  cut  into  fragments,  to  develop  itself  into 
two  or  more  perfect  animals,  is  the  same  with  that  which  causes 
a  wound  in  the  higher  animals  to  heal  by  a  cicatrice.  Such  cases 
as  that  of  the  Hydra  are  evidently  analogous  to  the  spontaneous 
division  or  fissiparous  generation  of  the  lowest  animals,  and  like- 
wise to  the  buading  of  plants.  Between  these  extreme  cases  and 
that  of  a  mere  cicatrice  we  have  every  gradation.  Spallanzani,*  by 
cutting  ofif  the  legs  and  tail  of  a  Salamander,  got  in  the  course  of  three 
months  six  crops  of  these  members ;  so  that  687  perfect  bones  were 
reproduced  by  one  animal  during  one  season.    At  whatever  point 


*  *An  Essay  on   Generation,'  £ng.       209. 
iranslat.,  p.  18 ;  FaKet,  '  Lectures  on  '  *  Au  Essay  on  Animal  Keproduc- 

Surgical  Pathology,^  1853,  rul.  i.  p.       tion,'  Eng.  translat.,  1769,  p.  79. 
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tliti  limb  was  cut  off,  the  deficient  part,  and  so  more,  was  oxaeM^ 
roproduced.  When  a  iliBeased  bone  iias  been  rcmorci],  a  new  tm^ 
BometitneB  "  graduallj  assumes  the  regular  form,  and  all  ttic  attaeh- 
"meutaof  inuBctes,  ligAmenta,  &c,,  become  as  complete  as  before."* 

This  power  of  re-growth  docH  not,  however,  alwaja  act  perfectly ; 
the  reproduced  tail  of  a  lizard  dtSers  in  the  form  of  the  Bcules  frotn 
the  normal  tail:  with  certuD  Ortlioptcrous  insects  the  lariie  hind 
legs  are  reproduced  of  Bmaller  size : '  the  whit«  cieatrioe  which  in 
the  higher  animals  unites  the  edges  of  a  deep  wound  is  not  rormed 
ot jx^ect  skin,  for  elastic  tissue  is  not  produced  tillJongaftemarda.* 
■'  The  activity  of  the  nitun/orinalivw,  sajs  Blumenbach,  "  is  in  an 
"  inverse  ratio  to  the  apje  of  the  organised  body."  Its  power  ie  aita 
greater  with  anjmols,  the  lower  they  stand  in  the  scale  of  orgwoi- 
eatiou ;  and  animals  low  in  the  scale  corruspood  with  thet^mbr}'gs  it 
higher  aoimalsbclonging  to  the  same  class.  Neirport's  oljeerrations^ 
afford  a  good  illustration  of  this  fact,  for  he  found  that  "  myriai  * 
"  whoec  liighcet  development  scarcely  carries  them  beyond  the  I 
"  of  iierlect  insects,  can  rcgenomte  limhe  and  autennic  up  to 
"  time  of  their  last  moult ;"  and  so  can  the  larrtc  of  true  insecta, 
but,  except  in  one  Older,  not  in  the  mature  insect.  Salamanders  oor- 
respoiid  m  development  with  the  tadpoles  or  lame  of  (he  tailjen 
BatmcbJans,  and  1>oth  poesoss  to  a  large  extent  the  power  of  i«~ 
growth;  but  not  so  the  mature  tailless  Batrachiaus. 

Absorption  oflen  plays  an  important  part  in  the  repair  of  injurien. 
When  a  bone  is  broken  and  does  not  unite,  the  ends  are  absorhei] 
and  rounded,  so  tbal  a  false  joint  is  formed ;  or  if  the  ends  unite, 
but  overlap,  the  projecting  ports  ore  removed.''  A  dislocated  lione 
will  form  for  itself  a  now  socket.  Displaced  tendons  and  varicose 
veina  excavate  new  channels  in  the  bones  against  which  they  prvsa. 
But  abfiorption  comes  into  action,  as  Virchow  remarks,  during  the 
normal  growth  of  bonus ;  parts  which  are  solid  during  youth ' 
hollowed  out  for  the  medullary  tissue  aa  the  bone  increase  io 
In  trying  to  understand  the  man;  well-ndapted  cases  of  re-gn 
when  aided  by  absorption,  wo  should  remember  that  almnet 
parta  of  the  organisation,  even  whilst  retaining  the  same 
ondergo  constaul  renewal;  so  that  apart  which  is  not  renewed' 
bo  liable  to  absorption. 

Some  cases,  usually  clasGcd  under  the  Bo-c&lled  nitua  /ormati 
at  first  appear  to  come  under  n  distinct  head ;  for  not  only  an 
atiucturea  reproduced,  but  nuw  etructurcs  arc  formed.    Thua, 
iiidammatioQ    "false  membranes,"    furnished  with  b1ood-vei_ 
lymphatics,  and  nerves,  are  developed ;  or  a  foetus  escapes  boin 

*  i:«rpeiitcr'i '  Prindplu  of  Camp.        Hhji..'  ]i.  4T9. 
Pbynology,'  1854,  p.  479.  '  Prof.    Miny'i  i 

■  Chuleiwoitb'i   'Hag.  of    NoL       power  of  co-mdaptat: 
Uitt.,'  vol.  i,,  18JT,  p.  Ui.  tho    orguiiall'        ' 

*  Pagtl,    '  I.Mluf«i    on  Surgical       "     '""     ■-  -  - 
PuhAlojtr.'  vol.  i.  II.  339. 

*  I)natgd    b}-    Cnrpealrr,    'Camp. 
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MadiiiiaAalinalt,'  l8T3,ehif.lb-4 

I'agel,  '  Loclura,'  ae.,  p.  f"* 
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Fallopian  tubes,  and  falls  into  the  abdomen,  "  nature  pours  out  a 
"  quantity  of  plastic  lymph,  which  forms  itself  into  organised  mem- 
"  brane,  richly  suppfiea  with  blood-vessels,"  and  the  foetus  is 
nourished  for  a  time.  In  certain  cases  of  hydrocephalus  the  open 
and  dangerous  spaces  in  the  skull  are  filled  up  with  new  bones, 
which  interlock  by  perfect  serrated  sutures."  But  most  physiolo- 
gists, especially  on  the  Continent,  have  now  given  up  the  belief  in 
plastic  lymph  or  blastema,  and  Yirchow*  maintains  that  every 
structure,  new  or  old,  is  formed  by  the  proliferation  of  pro-existing 
cells.  On  this  view  false  membranes,  like  cancerous  or  other 
tumours,  are  merely  abnormal  developments  of  normal  growths ; 
and  we  can  thus  understand  how  it  is  that  they  resemble  adjoining 
structures;  for  instance,  that  a  ^ false  membrane  in  the  serous 
"  cavities  acquires  a  covering  of  epithelium  exactly  like  that  which 
"  covers  ihe  original  serous  membrane ;  adhesions  of  the  iris  may 
"  become  black  apparently  from  the  production  of  pigment-cells  like 
"  those  of  the  uvea."  *^ 

No  doubt  the  power  of  reparation,  though  not  always  perfect,  is 
an  admirable  provision,  ready  for  various  emergencies,  even  for  such 
as  occur  only  at  long  intervals  of  time."  Yet  this  power  is  not  more 
wonderful  than  the  growth  and  development  of  every  single  creature, 
more  especially  of  those  which  are  propagated  by  fissiparous  gene- 
ration. This  subject  has  been  here  noticed,  because  we  may  infer 
that,  when  any  part  or  organ  is  either  greatly  increased  in  size  or 
wholly  suppressed  through  variation  and  conti9ued  selection,  the 
co-ordinating  power  of  the  organisation  will  continually  tend  to 
bring  again  all  the  parts  into  harmony  with  one  another. 

On  the  Effects  of  the  Increased  Use  and  Disuse  of  Organs. 

It  is  notorious,  and  we  shall  immediately  adduce  proofs, 
that  increased  use  or  action  strengthens  muscles,  glands, 
sense-organs,  &c, ;  and  that  disuse,  on  the  other  hand,  weakens 
them.  It  has  been  experimentally  proved  by  Eanke  ^^  that 
the  flow  of  blood  is  greatly  increased  towards  any  part  which 
is  performing  work,  and  sinks  again  when,  the  part  is  at  rest. 
Consequently,  if  the  work  is  frequent,  the  vessels  increase  in 
bize  and  the  part  is  better  nourished.  Paget  ^^  ako  accounts 
for  the   long,  thick,  dark-coloured  hairs  which  occasionally 

*  These  cases  nre  given  by  Blumen-  "  ^  Die  B^utverthcilung,  Sic.  dcr 
bach  in  his  *  Essay  on  Generation,*  pp.  Organe,*  1871,  as  quoted  by  .laeger, 
52,  54.  *  In  Sachen   Darwin's,'    1874,    p.  48. 

•  *  Cellular  Pathology,*  trans,  by  See  also  H.  Spencer,  *  The  Principles 
Dr.  Chance,  1860,  pp.  27,  441.  of  Biology,*  vol.  ii.  1866,  chap.  3-5. 

»•  Paget,  *  Lectures  on  Pathoiogy,'  "  *  Lectures   on  Pathology,'  1853, 

vol.  i.,  1853,  p.  357.  voL  i.  p.  71. 

11  Paget,  ibid.,  p.  150. 
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grow,  even  in  young  children,  near  old-standing  inflamed 
surfaces  or  fractured  bones  by  an  increased  flow  of  blood  to 
the  part.  When  Hunter  inserted  the  spur  of  a  cock  into  the 
comb,  which  is  well  supplied  with  blood-vessels,  it  grew  in 
one  case  spirally  to  a  length  of  six  inches,  and  in  another  case 
forward,  like  a  horn,  so  that  the  bird  could  not  tonch  the 
ground  with  its  beak.  According  to  the  interesting  observa- 
tions of  M.  Sedillot,^*  when  a  portion  of  one  of  the  bones  of 
the  leg  of  an  animal  is  removed,  the  associated  bone  enlarges 
till  it  attains  a  bulk  equal  to  that  of  the  two  bones,  of  wluch 
it  has  to  perform  the  functions.  This  is  best  exhibited  in 
dogs  in  which  the  tibia  has  been  removed  ;  the  companion 
bone,  which  is  naturally  almost  filiform  and  not  one-fifth  the 
size  of  the  other,  soon  acquires  a  size  equal  to  or  greater  than 
that  of  the  tibia.  Now,  it  is  at  first  difficult  to  believe  that 
increased  weight  acting  on  a  straight  bone  could,  by  alternately 
increasing  and  diminishing  the  pressure,  cause  the  blood  to 
flow  more  freely  in  the  vessels  which  i>ermeate  the  periosteum 
and  thus  supply  more  nutriment  to  the  bone.  Nevertheless 
the  observations  a<ldueed  by  Mr.  Spencer, ^^  on  the  strengthen- 
ing of  the  bowed  bones  of  rickety  children,  along  their  con- 
cave sides,  leads  to  the  belief  that  this  is  possible. 

The  rocking  of  the  stem  of  a  tree  increases  in  a  marked 
manner  the  growth  of  the  woody  tissue  in  the  parts  which  are 
strained.  I*rof.  Sachs  believes,  from  reasons  which  he  assigns, 
that  this  is  due  to  the  pressure  of  the  bark  being  relaxed  in 
such  parts,  and  not  as  Knight  and  H.  Spencer  maintain,  to 
an  increased  flow  of  sap  caused  by  the  movement  of  the 
trunk.^^  But  hard  woody  tissue  may  be  developed  without 
the  aid  of  any  movement,  as  we  see  with  ivy  closely  attached 
to  an  old  wall.  In  all  such  cases,  it  is  -very  difficult  to  distin- 
guish between  the  efiects  of  long-continued  selection  and  those 
which  follow  from  the  increased  action  of  the  part,  or  directly 
from  some  other  cause.  Mr.  H.  Spencer^'  acknowledges 
this  difficulty,  and  gives  as  an  instance  the  thorns  on  trees 

»*  *Comi)tcs  iCendu.s,'   Sept.    2t;th,  '•  Ibid.,    vol.  ii.    p.    269.     Sach«, 

ISG-i,  p.  539.  'Text-book  of  Botanv/  1875,  p.  734. 

"H.  Spencer,  *The  Principles   of  >'  Ibid  ,  vol.  ii.  p.' 273. 
Biology,'  vol.  ii.  p.  2-^3. 
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and  the  shells  of  nuts.  Here  we  have  extremely  hard  woody 
tissue  without  the  possibility  of  any  movement,  and  without, 
as  far  as  we  can  see,  any  other  directly  exciting  cause ;  and  as 
the  hardness  of  these  parts  is  of  manifest  service  to  the  plant, 
we  may  look  at  the  result  as  probably  due  to  the  selection  of 
so-called  spontaneous -variations.  Every  one  knows  that  hard 
work  thickens  the  epidermis  on  the  hands ;  and  when  we 
hear  that  with  infants,  long  before  birth,  the  epidermis  is 
thicker  on  the  palms  and  soles  of  the  feet  than  on  any  other 
part  of  the  body,  as  was  observed  with  admiration  by  Albinus,*® 
we  are  natui*ally  inclined  to  attribute  this  to  the  inherited 
eflfects  of  long-continued  use  or  pressure.  Wo  are  tempted  to 
extend  the  same  view  even  to  the  hoofs  of  quadrupeds ;  but 
who  will  pretend  to  determine  how  far  natural  selection  may 
have  aided  in  the  formation  of  structui'es  of  such  obvious 
importance  to  the  animal  ?  • 

That  use  strengthens  the  muscles  may  be  seen  in  the  limbs  of 
artisans  who  follow  different  trades;  and  when  a  muscle  is 
strengthened,  the  tendons,  and  the  crests  of  bone  to  which  they  are 
attached,  become  enlarged ;  and  this  must  likewise  be  the  case  with 
the  blood-vessels  and  nerves.  On  the  other  hand,  when  a  limb  is 
not  used,  as  by  Eastern  fanatics,  or  Avhen  the  nerve  supplying  it 
with  nervous  power  is  eflfectually  destroyed,  the  muscles  wither. 
So  again,  when  the  eye  is  destroyed  the  optic  nerve  becomes 
atrophied,  sometimes  even  in  the  course  of  a  few  months.**  The 
Proteus  is  furnished  with  branchise  as  well  as  with  lungs:  and 
Schreibers**  found  that  when  the  animal  was  compelled  to  live  in 
deep  water,  the  branchise  were  developed  to  thrice  their  ordinary 
size,  and  the  lungs  were  partially  atrophied.  When,  on  the  other 
hand,  the  animal  was  compelled  to  live  in  shallow  water,  the  lungs 
became  larger  and  more  vascular,  whilst  the  branchisB  disappeared 
in  a  more  or  less  complete  degree.  Such  modifications  as  these  are, 
however,  of  comparatively  little  value  for  as,  as  wo  do  not  actually 
know  that  they  tend  to  be  inherited.  « 

In  many  cases  there  is  reason  to  believe  that  the  lessened  use  of 
various  organs  has  affected  the  corresponding  parts  in  the  offspring. 
But  there  is  no  good  evidence  that  this  ever  follows  in  the  course 
of  a  single  generation.    It  appears,  as  in  the  case  of  general  or  in- 


'•  Paget,  '  Lectures  on  Pathology,*  p.  10)  a  curious  account  of  the  atrophy 

vol.  ii.  p.  209.  of  the  limbs  of  rabbit:^  after  the  dc- 

*•  Mailer's  *  Phys.,*  Eng.  translat.,  struction  of  the  nerve, 

pp.    54,  791.     Prof.  Reed  ha«  given  *•  Quoted  by  Lecoq,  in  *  G^graph. 

(*  Phyiiiological  and  Anat.  Retearchea,'  Bot./  torn,  i.,  i8.')4,  p.  182. 
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definite  Ttmbility,  thai  seTeial  genermiioiLs  muBt  be  Babjected  to 
changed  habits  for  any  appreciable  result  Onr  domestic  fowls, 
dncks,  and  geese  hare  almost  lost,  not  only  in  the  individnal  bat 
in  the  race,  their  power  of  flight ;  for  we  do  not  see  a  yonng  fowl, 
when  frightened,  take  flight  like  a  young  pheasant  Hence  I  was 
led  carefully  to  compare  the  limb-bones  of  fowls,  ducks,  pigeoiiSy 
and  rabbits,  with  the  same  bones  in  the  wild  parent-species.  As 
the  measurements  and  weights  were  fulfy  given  in  the  earlier 
chapters  I  need  here  only  recapitulate  the  results.  With  domestic 
pigeons,  the  length  of  the  sternum,  the  prominence  of  its  crest, 
the  length  of.  the  scapula  and  furculum,  the  length  of  the  wings  as 
measured  tom  tip  to  tip  of  the  radii,  are  all  reduced  relatiTely  to  the 
same  parts  in  the  wild  pigeon.  The  wing  and  tail  feathers,  howeTer, 
are  increased  in  length,  but  this  may  have  as  little  connectiiHi  with 
the  use  of  the  wings  or  tail,  ss  the  lengthened  hair  on  a  dog  with 
the  amount  of  exercise  which  it  has  habitually  taken.  The  feet  of 
pigeons,  except  in  the  long-beaked  races,  are  reduced  in  size.  With 
fowls  the  crest  of  the  stenium  is  less  prominent,  and  is  often  dis- 
torted or  monstrous ;  the  wing-bones  have  become  b'ghter  relatively 
to  ths  leg-bones,  and  are  apparently  a  little  shorter  in  comparison 
with  those  of  the  parent-form,  the  GaUus  bankiva.  With  ducks, 
the  crest  of  the  sternum  is  affected  in  the  same  manner  as  in  the 
foregoing  cases :  the  furculum,  coracoids,  and  scapuke  are  all  reduced 
in  weight  relatively  to  the  whole  skeleton  :  the  bones  of  the  wings 
are  shorter  and  lighter,  and  the  bones  of  the  leg^  longer  and  heavier, 
relatively  to  each  other,  and  relatively  to  the  whole  skeleton,  in 
comparison  with  the  same  bones  in  the  wild-duck.  The  decreased 
weight  and  size  of  the  bones,  in  the  foregoing  cases,  is  probably  the 
indirect  result  of  the  reaction  of  the  weakened  muscles  on  the  bones. 
I  failed  to  compare  the  feathers  of  the  wings  of  the  tame  and  wild 
duck ;  but  Gloger'^  asserts  tliat  in  the  wild  duck  the  tips  of  the 
wing- feathers  reach  almost  to  the  end  of  the  tail,  whilst  in  the 
domestic  duck  they  often  hardly  reach  to  its  base.  He  remarks 
also  on  the  greater  thickness  of  the  legs,  and  says  that  the  swimming 
membrane  between  the  toes  is  reduced ;  but  I  was  not  able  to 
detect  this  latter  difference. 

With  the  domesticated  rabbit  the  body,  together  with  the  whole 
skeleton,  is  generally  larger  and  heavier  than  in  the  wild  animal, 
and  the  leg-bones  arc^  heavier  in  due  proportion  ;  but  whatever 
standard  of  comparison  be  taken,  neither  the  leg-bones  nor  the 
scapulffi  have  increased  in  length  proportionally  with  the  increased 
dimensions  of  the  rest  of  the  skeleton.  The  skull  has  become  in  a 
marked  manner  narrower,  and,  from  the  measurements  of  its 
capacity  formerly  given,  we  may  conclude,  that  this  narrowness 
results  from  the  decreased  size  of  the  brain,  consequent  on  the 
mentally  inactive  life  led  by  these  closely-confined  animals. 

We  have  seen  in  the  eighth  chapter  that  silk-moths,  which  have 


*>  <  Dm  Abandern  der  V&gel/  1833,  s.  74. 
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been  kept  during  many  centories  closely  confined,  emerge  from  their 
cocoons  with  their  wings  distorted,  incapable  of  flight,  often  greatly 
reduced  in  size,  or  even,  according  to  Quatrefages,  quite  rudimentary. 
This  condition  of  the  wings  may  be  largely  owing  to  the  same  kind 
of  monstrosity  which  often  affects  wild  Lepidoptera  when  artificially 
reared  from  the  cocoon ;  or  it  may  be  in  part  due  to  an  inherent 
tendency,  which  is  common  to  Ihe  females  of  many  Bombycidse,  to 
have  their  wings  in  a  more  or  less  rudimentary  state ;  but  part  of 
the  effect  may  be  attributed  to  long-continued  disuse. 

From  the  foregoing  facts  there  can  be  no  doubt  that  with 
our  anciently  domesticated  animals,  certain  bones  have  in- 
creased or  decreased  in  size  and  weight  owing  to  increased  or 
decreased  use  ;  but  they  have  not  been  modified,  as  shown  in 
tho  earlier  chapters,  in  shape  or  structure.  With  animals 
living  a  free  life  and  occasionally  exposed  to  severe  compe- 
tition the  reduction  would  tend  to  be  greater,  as  it  would  be 
an  advantage  to  them  to  have  tho  development  of  every 
superfluous  part  saved.  With  highly-fed  domesticated  animals, 
on  the  other  hand,  there  seems  to  be  no  economy  of  growth, 
nor  any  tendency  to  the  elimination  of  superfluous  details. 
But  to  this  subject  I  shall  recur. 

Turning  now  to  more  general  observations,  Nathusius  has 
shown  that  with  tho  improved  races  of  the  pig,  the  shortened 
legs  and  snout,  the  form  of  the  articular  condyles  of  the 
occiput,  and  the  position  of  the  jaws  with  the  upper  canine 
teeth  projecting  in  a  most  anomalous  manner  in  front  of  the 
lower  canines,  may  be  attributed  to  these  parts  not  having 
been  fully  exercised.  For  the  highly -cultivated  races  do  not 
travel  in  search  of  food,  nor  root  up  the  ground  with  their 
ringed  muzzles.**  These  modifications  of  structure,  which 
are  all  strictly  inherited,  characterise  several  improved 
breeds,  so  that  they  cannot  have  been  derived  from  any  singlo 
domestic  stock*  With  respect  to  cattle.  Professor  Tanner  has 
remarke<l  that  the  lungs  and  liver  in  tho  improved  breeds 
"  are  found  to  be  considerably  reduced  in  size  when  compared 
"  with  those  possessed  by  animals  having  perfect  liberty  ;'^^ 

'•  Nathusius,      '  Die     Racen    des  Nathusius  :  *  Der  Sch'adel  dcs  Masken* 

Schweines,'   1800,  s.  53,  57  ;   *  Vor-  schweiueu,*  1870. 

studicn  ....  Schweineschiklel,'  1864,  "  ^Journal  of  Agriculture  of  High- 

8.  103, 130, 133.  Prof.  Lucae  supporU  land  Soc.,'  Julf ,  1860,  p.  321. 
•Ad  estends  the  ooodosiofit  of  Yoo 
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and  ilie  reduction  of  tJiSBe  orguna  aff<;cte  the  genernl  e 
of  the  body.  TLo  cause  of  the  reduced  lungM  in  highly-bred 
auimals  whicb  take  b'ttle  exeroieo  ie  obvious ;  and  jievbaps 
the  liver  may  bs  affected  by  the  nutritious  and  artifioinl  food 
on  which  they  largely  subeiet.  Again,  Dr.  Wilekene  BBsortsH 
that  varioua  parts  of  the  body  certainly  differ  iu  Alpine 
lowlund  breeds  of  several  domeaticatod  animals,  oning  1 
their  different  habits  of  life  ;  for  instance,  the  ueck  arid  fiw 
legs  ia  length,  and  the  hoofs  ii 

It  is  well  known  that,  when  an  arterj  ia  tied,  the  anafitomoa_„, 
branches,  fiom  being  forced  to  transmit  more  blood,  iocreaM  ill' ' 
diameter;  end  this  increase  cannot  be  accounled  for  by  mere  exten- 
Hion,  as  Uioii  coats  gain  in  strength.  With  respect  to  glands,  Sr 
J.  Paget  observes  that  "  when  one  kidney  is  destroyed  the  olW 
"often  becomes  much  larger,  and  does  double  work.""  If  wa 
compare  the  size  of  the  udders  and  their  power  of  secretion  in  cowii] 
whi^bave  been  longdomesticated.and  in  certain  breeds  of  thflgi  ""^ 
in  which  the  udders  nearly  touch  the  ground,  with  these  oi 
wild  or  half-domesticated  animals,  the  difference  is  great, 
cow  with  OB  daily  jields  more  than  five  gallons,  or  forty 

milk,  whilst  a  first'iate  animal,  kept,  for  instance,  by  the  £ 

of  South  Africa,'"  "rarely  gives  riore  tlian  two  or  three  pints  of  BC._ 
"  daily,  and,  should  her  calf  be  token  from  her,  eho  absolata 
"  reftisea  to  give  any."  We  may  attribute  the  excellence  of  o 
cows  and  of  certain  goats,  partly  to  the  continued  seleotion  of  f 
best  milking  animals,  and  psitly  to  the  inherited  eSeots  of  i 
increased  action,  tlu'ough  man's  art,  of  the  secreting  gloods. 

It  is  notorious  that  shoit-eight  is  inherited ;  and  we  have  Men  J 
the  twelfth  chapter  from  the  statislical  researches  of  H.  GintH, 
TculoD,  that  the  habit  of  viewing  near  objects  gives  a  tendencyfl 
short^ght.    Veterinarians  are  unanimous  that  horses  are  aBn  '~' 

with  spavins,  splints,  ringbones,  &c.,  from  being  shod  and  £ . 

trovelUng  on  hard  roads,  and  they  are  almost  equally  unanimous 
that  a  tendency  to  the^  malformations  is  transmitted.  Formerly 
horses  were  not  shod  in  North  Carolina,  and  it  lias  been  asserted  that 
they  did  not  then  suffer  from  these  diseases  of  the  legs  and  feeL" 

Our  domesticated  quadniiwds  are  all  descended,  t 
known,  from  specios  b     ' 


named,   of  which  at  kitst  t 


ur^ical  ratbologj,'       tern. 


)  has  not  drooping  ei 

illi  Anicrka,  <M  Aug.  S 
Voyage  <laru  la  rrsviara  4*  0 


"  Brick>ir>  -Nit.  HM.  (TH 


•  iaiitbwB,    'TriveU    io    South       CirDlinn.' ITU9,  p.  5; 


Chap.  XXIV.        EFFECTS   OF  USE   AND  DISUSE. 


291 


Cats  in  Cliina,  horses  in  parts  of  Russia,  sheep  in  Italy  and  else- 
where, the  guinea-pig  formerly  in  Germany,  goats  and  cattle 
in  India,  rabbits,  pigs,  and  dogs  in  all  long-civilised  countries 
have  dependent  ears.     With  wild  animals,  which  constantly 
use  their  ears  like  funnels  to  catch  every  passing  sound,  and 
especially  to  ascertain  the  direction  whence  it  comes,  there  is 
not,  as  Mr.  Blyth  has  remarked,  any  species  with  drooping 
ears  except  the  elephant.     Hence  the  incapacity  to  erect  the 
ears  is  certainly  in  some  manner  the  result  of  domestication ; 
and  this  incapacity  has  been  attributed  by  various  authors  ^® 
to  disuse,  for  animals  protected  by  man  are   not  compelled 
habitually  to  use  their  ears.     Col.  Hamilton  Smith^^  states 
that  in-  ancient  effigies  of  the  dog,  **  with  the  exception  of  one 
**  Egyptian  instance,  no  sculpture  of  the  earlier  Grecian  era 
"  produces  representations  of  hounds  with  completely  drooping 
**  ears ;  those  with  them  half  pendulous  are  missing  in  the 
'*  most  ancient ;  and  this  character  increases,  by  degrees,  in 
**  the  works  of  the  Eoman  period."     Godron  also  has  remarked 
'*  that  the  pigs  of  the  ancient  Egyptians  had  not  their  ears 
"enlarged  and  i)endent."3°     But  it  is  remarkable  that  the 
drooping  of  the  ear   is  not  accompanied  by  any  decrease  in 
size ;  on  the  contrary,  animals  so  diflferent  as  fancy  rabbits, 
certain  Indian  breeds  of  the  goat,  our  petted  spaniels,  blood- 
hounds, and  other  dogs,  have  enormously  elongated  ears,  so 
that  it  would  appear  as  if  their  weight  had  caused  them  to 
droop,  aided  perhaps  by  disuse.     With  rabbits,  the  drooping 
of  the  much  elongated  ears  has  afifected  even  the  structure  of 
the  skull. 

The  tail  of  no  wild  animal,  as  remarked  to  me  by  Mr.  Blyth, 
is  curled ;  whereas  pigs  and  some  races  of  dogs  have  their  tails 
much  curled.  This  deformity,  therefore,  appears  to  be  the 
result  of  domestication,  but  whether  in  any  way  connected 
with  the  lessened  use  of  the  tail  is  doubtful. 


*•  Livingstone,  quoted  by  Youatt 
on  Sheep,  p.  142.  Hodgson,  in  '  Jour- 
Dai  of  Asiatic  Soc.  of  Bengal/  vol.  xvi., 
1847,  p.  1006,  &c.  &c.  On  the  other 
hand.  Dr.  Wilckens  nrgucs  stroncjly 
aeainst  the  belief  that  the  drooping  < 
of  the  card  is  the  result  of  dUtue : 


*  Jahrbuch  der  deutMhen  Viehzacht,' 
186G. 

*•  ♦  Xaturalist'ti  Library,*  Dogx,  vol. 
ii.,  1840,  p.  104. 

'•  '  De  TEsp^e,'  torn.  L,  1859,  p. 
367. 
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The  epidermis  on  our  hands  is  oasily  thickened,  as  eveiy 
one  knows,  by  hard  work.  In  a  district  of  Ceylon  the  shoep 
have  **  homy  callosities  that  defend  their  knees,  and  which 
*^  arise  from  their  habit  of  kneeling  down  to  crop  the  short 
**  herbage,  and  this  distinguishes  the  Jaffna  flocks  from  those 
*'  of  other  portions  of  the  island  ;"  but  it  is  not  stated  whether 
this  peculiarity  is  inherited.^^ 

The  mucous  membrane  which  lines  the  stomach  is  con- 
tinuous with  the  external  skin  of  the  body ;  therefore  it  is 
not  surprising  that  its  texture  should  be  affected  by  the 
nature  of  the  food  consumed,  but  other  and  more  interesting 
changes  likewise  follow.  Hunter  long  ago  observed  that  the 
muscular  coat  of  the  stomach  of  a  gull  (Larug  tridaclylu9) 
which  had  been  fed  for  a  year  chiefly  on  grain  was  thickened ; 
and,  according  to  Dr.  Edmondston,  a  similar  change  periodi- 
cally occurs  in  the  Shetland  Islands  in  the  stomach  of  the 
Lams  argentatus,  which  in  the  spring  frequents  the  corn- 
fields and  feeds  on  the  seed.  The  same  careful  observer  has 
noticed  a  great  change  in  the  stomach  of  a  raven  which  had 
been  long  fed  on  vegetable  food.  In  the  case  of  an  owl  (^Strix 
grallariay  similarly  treated,  Menetries  states  that  the  form  of 
the  stomach  was  changed,  the  inner  coat  became  leathery, 
and  the  liver  increased  in  size.  Whether  these  modifications 
in  the  digestive  organs  would  in  the  course  of  generations 
become  inherited  is  not  known.^' 

The  increased  or  diminished  length  of  the  intestines,  which 
apparently  results  from  changed  diet,  is  a  more  remarkable 
case,  because  it  is  characteristic  of  certain  animals  in  their 
domesticated  condition,  and  therefore  must  be  inherited. 
The  complex  absorbent  system,  the  blood-vessels,  nerves,  and 
muscles,  are  necessarily  all  modified  together  with  the 
intestines.  According  to  Daubenton,  the  intestines  of  the 
domestic  cat  are  one-third  longer  than  those  of  the  wild  cat 
of  EiirojK) ;  and  although  this  si)ecie8  is  not  the  parent-stock 
of  the  domestic  animal,  yet,  as  Isidore  Geoffrey  has  remarked, 

*'  *  Ceylon,'  by  Sir  J.  E.  Tennent,  as  quoted  in  Macgillivray's  ^Britith 

1859,  vol.  ii.  p.  531.  liir«ls,'  vol.  v.  p.  550:  Menetries,  as 

"  For  the  foregoing  statements  «<r(r  quoted   in    Uronn's   *Ge$chichte  der 

Hunter'ft  *  Essays  and   Observations,'  •Natur,'  U.  ii.  s.  110. 
1861,  vol.  ii.  p.  329;  Dr.  Edmondston, 
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the  several  species  of  cats  are  so  closely  allied  that  the 
comparison  is  probably  a  fair  one.  The  increased  length 
appears  to  be  due  to  the  domestic  eat  being  less  strictly  car- 
nivorous in  its  diet  than  any  wild  feline  species ;  for  instance, 
I  have  seen  a  French  kitten  eating  vegetables  as  readily  as 
meat.  According  to  Cuvier,  the  intestines  of  the  domesticated 
pig  exceed  greatly  in  proportionate  length  those  of  the  wild 
boar.  In  the  tame  and  wild  rabbit  the  change  is  of  an 
opposite  nature,  and  probably  results  from  the  nutritious  food 
given  to  the  tame  rabbit.^^ 

Changed  atid  inherited  Habits  of  Life. — This  subject,  as  far  as 
the  mental  powers  of  animals  are  concerned,  so  blends  into 
instinct,  that  I  will  here  only  remind  the  reader  of  such  cases 
as  the  tameness  of  our  domesticated  animals— the  pointing  or 
retrieving  of  dogs — their  not  attacking  the  smaller  animals 
kept  by  man — and  so  forth.  How  much  of  these  clianges 
ought  to  be  attributed  to  mere  habit,  and  how  much  to  the 
selection  of  individuals  which  have  varied  in  the  desired 
manner,  irrespectively  of  the  special  circumstances  under 
which  they  have  been  kept,  can  seldom  be  told. 

We  have  already  seen  that  animals  may  be  habituated  to 
a  changed  diet ;  but  some  additional  instances  may  be  given. 
In  the  Polynesian  Islands  and  in  China  the  dog  is  fed  exclu- 
sively on  vegetable  matter,  and  the  taste  for  this  kind  of  food 
is  to  a  certain  extent  inherited.^*  Our  sporting  dogs  will  not 
touch  the  bones  of  game  birds,  whilst  most  other  dogs  devour 
them  with  greediness.  In  some  parts  of  the  world  sheep  have 
been  largely  fed  on  fish.  The  domestic  hog  is  fond  of  barley, 
the  wild  boar  is  said  to  disdain  it ;  and  the  disdain  is  partially 
inherited,  for  some  young  wild  pigs  bred  in  captivity  showed 
an  aversion  for  this  grain,  ^vhilst  others  of  the  Eame  brood 
relished  it.^^  One  of  my  relations  bred  some  young  pigs 
from  a  Chinese  sow  by  a  wild  Alpine  boar ;  they  lived  free 
in  the  park,  and  were  so  tame  that  tliey  came  to  the  house  to 

**  The»«  statemenU  on  th«  intestines  borne/  1825,  vul.  ii.  p.  121. 
are  tak«n  from  Isidore  Geoffrey  Saint-  *•  Burdach,  *  Traits  de  Phys.,'  torn. 

Hilaire,  *  Hist.  Nat.  G^n.,*  torn.  iii.  pp.  ii.  p.  267,  as  quoted  by  Dr.  1*.  Lucas, 

427,  441.  *  L'Hereti.  Nat.,*  torn.  i.  p.  388. 

»♦  Gilbert  White,  'Nat.  HUt.  S«l- 
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be  fed ;  but  they  would  not  touch  swill,  which  was  devoured 
by  the  other  pigs.  An  animal  when  once  accustomed  to  an 
unnatural  diet,  which  can  generally  be  effected  only  during 
youth,  dislikes  its  proper  food,  as  Spallanzani  found  to  be 
the  case  with  a  pigeon  which  had  been  long  fed  on  meat. 
Individuals  of  the  same  species  take  to  new  food  with  different 
degrees  of  readiness ;  one  horse,  it  is  stated,  soon  learned  to 
eat  meat,  whilst  another  would  have  perished  from  hunger 
rather  than  have  partaken  of  it.^^  The  caterpillars  of  the 
Bomhyz  hesperua  feed  in  a  state  of  nature  on  the  leaves  of  the 
Ca/e  diable,  but,  after  having  been  reared. on  the  Ailanthus, 
they  would  not  touch  the  Cafe  tfiofcZc,  and  actually  died  of 
hunger.^^ 

It  has  been  found  possible  to  accustom  marine  fish  to  live 
in  fresh  water  ;  but  as  such  changes  in  fish  and  other  marine 
animals  have  been  chiefly  observed  in  a  state  of  nature,  they 
do  not  properly  belong  to  our  present  subject.  The  i>eriod 
of  gestation  and  of  maturity,  as  shown  in  the  earlier  chapters^ 
— the  season  and  the  frequency  of  the  act  of  breeding, — have 
all  been  greatly  modified  under  domestication.  With  the 
Egyptian  goose  the  rate  of  change  with  respect  to  the  season 
has  been  recorded.^^  The  wild  drake  pairs  with  one  female, 
the  domestic  drake  is  polygamous.  Certain  breeds  of  fowls 
have  lost  the  habit  of  incubation.  The  paces  of  the  horse, 
ahd  the  manner  of  flight  of  certain  breeds  of  the  pigeon, 
have  been  modified  and  are  inherited.  Cattle,  horses,  and 
pigs  have  learnt  to  browse  under  water  in  the  St.  John's  Kiver, 
East  Florida,  where  the  Vallisneria  has  been  largely  natural- 
ised. The  cows  were  observed  by  l*ruf,  \\'ynian  to  keep  their 
heads  immersed  for  *'  a  period  varying  from  fifteen  to  thirty- 
five  seconds."^^  The  voice  differs  much  in  certain  kinds  of 
fowls  and  pigeons.  Some  varieties  are  clamorous  and  others 
silent,  as  the  Call  and  common  duck,  or  the  Spitz  and  pointer 
dog.     Every  one  knows  how  the  breeds  of  the  dog  differ  from 

'•  This  and  several  other  ciises  aro  5GS. 

given    by  Colin,  *  Physiologic    Coinp.  "  Quatn-fagcs,  *  Unite  de  TKspice 

des  Aniraaux  Dom.,'  Ib54,  toiii.  i.  \k  Huraaine,M861,  p.  79. 

426.  '•  *  The  American  Kuturalist,'  Ap. 

"  M.  Michely  de  Cayenne,  in  '  Bull.  1874,  p.  237. 
See.  d'Acclimat.,'  torn,  viii.,  1861,  p. 
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one  another  in  their  manner  of  hunting,  and  in  their  ardour 
after  different  kinds  of  game  or  vermin. 

With  plants  the  period  of  vegetation  is  easily  changed  and 
is  inherited,  as  in  the  case  of  summer  and  winter  wheat, 
barley,  and  vetches ;  but  to  this  subject  we  shall  immediately 
return  under  acclimatisation.  Annual  plants  sometimes 
become  perennial  under  a  new  climate,  as  I  hear  from  Dr. 
Hooker  is  the  case  with  the  stock  and  mignonette  in  Tasmania. 
On  the  other  hand,  perennials  sometimes  become  annuals,  as 
with  the  Ricinus  in  England,  and  as,  according  to  Captain 
Mangles,  with  many  varieties  of  the  heartsease.  Von  Berg  *^ 
raised  from  seed  of  Verhascum  phamiceum,  which  is  usually  a 
biennial,  both  annual  and  perennial  varieties.  Some  de- 
ciduous bushes  become  evergreen  in  hot  countries.*^  Eice 
requires  much  water,  but  there  is  one  variety  in  India  which 
can  be  grown  without  irrigation.*^  Certain  varieties  of  the 
oat  and  of  our  other  cerealu  are  best  fitted  for  certain  soils.*^ 
Endless  similar  facts  could  be  given  in  the  animal  and  vege- 
table kingdoms.  They  are  noticed  here  because  they  illustrate 
analogous  differences  in  closely  allied  natural  species,  and 
because  such  changed  habits  of  life,  whether  due  to  habit,  or 
to  the  direct  action  of  external  conditions,  or  to  so-called  spon- 
taneous variability,  would  be  apt  to  lead  to  modifications  of 
structure. 

Acclimatisation.  —  From  the  i)revious  remarks  we  are 
naturally  led  to  the  much  disputed  subject  of  acclimatisation. 
There  are  two  distinct  questions :  Do  varieties  descended  from 
the  same  species  differ  in  their  power  of  living  under  different 
climates?  And  secondly,  if  they  so  differ,  how  have  they 
become  thus  adapted  ?  NVe  have  seen  that  European  dogs  do 
not  succeed  well  in  India,  and  it  is  asserted,**  that  no  one  has 
there  succeeded  in  keeping  the  Newfoundland  long  alive  ;  but 
then  it  may  be  argued,  and  probably  with  truth,  that  these 

«  *  Flora,*  18  J."),  B.  ii.  p.  TiO*.  "   *Gardouer*s    Chronicle,*    1850, 

«»  Alph.  de   Caadolle,   »Gcograph.  pp. 'JO-i,  219. 

Bot.,*  torn.  ii.  p.  1078.  "  Kev.   R.    Everest,   ^Journal  Aa. 

^   Royle,     *  lllustratiuns    of     the  Soc.  of  Bengal,*  vol.  iii.  p.  19. 
Botany  of  the  Himalaya,'  p.  19. 
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northern  breeds  are  epecifically  distinct  from  the  natiTc  d 
which  flourii^h  in  India,  The  same  remark  niaj  be  made  with 
respect  to  difierout  breeds  of  xheep,  uf  whioh,  according  to 
Yuuatt.*^  not  one  brought  "  from  a  lorrid  climate  loEta  oat 
"  the  second  year,"  in  the  Zoological  Gardens.  But  ehee|i 
are  capable  of  some  degree  of  accliuiutisatioii.  for  Ucriiio  sheep 
bred  at  tlie  Cape  of  Good  Hojie  have  been  found  far  better 
adapted  for  India  than  those  imported  from  England.*"  It  is 
almost  certain  that  all  the  breeds  of  the  fowl  are  descended 
from  one  species;  but  the  tjpanish  breed,  which  there  is  good 
reason  to  believe  originated  near  the  MediterTSDean,"  though 
BiCt  Sno  and  vigorous  in  England,  suffers  more  from  frost  tbao 
any  other  breed.  The  Arrindy  silk  moth  introduced  from 
Bengal,  and  the  Ailantbua  moth  from  the  temperate  province 
of  tjhan  Tung,  in  China,  belong  to  the  same  species,  an  we 
may  infer  from  their  identity  in  the  caterpillar,  ooooon,  and 
uaturo  states ;  **  yet  they  differ  much  in  constitution  :  the 
Indian  form  "  will  flourish  only  in  warm  latitudes,"  the  other 
is  quite  hardy  and  withstands  cold  and  raiu. 

Plants  are  more  strictly  adapted  to  climate  than  are  animals.  The 
latter  when  domeaticolod  withstaiid  such  great  diveraitiee  of  cUmale, 
that  we  find  nearly  the  same  epccies  in  tropical  and  tempomte 
coaDtries;  wbilst  the  cultivated  plants  are  widely  disBimilar.  Heuco 
a  larger  field  is  open  for  Incjuiry  in  regard  to  the  acclimatisation  of 
plautstljan  of  animals.  It  ii;  no  exaggeration  to  esy  that  with  altnoet 
oTcry  plant  which  has  long  been  cultivated,  varieties  exist  which 
are  endowed  nitb  constitutions  fitted  for  very  different  clhnates;  I 
will  select  only  a  few  of  the  more  striking  cases,  as  it  would  be 
tedioue  to  give  all.  In  North  America  numerone  Gratt-trees  have 
been  raised,  and  in  horticultural  pubhcations, — for  instance,  in  that 
by  Downing,— lists  are  given  of  the  varielies  which  arc  best  able  to 
withstand  the  severe  climate  of  the  northern  Slates  and  Canada. 
Many  American  varieties  of  the  pear,  plum,  and  peach  are  excellent 
in  their  own  conntry,  but  until  recently,  hardly  one  was  known  that 
succeeded  in  England ;  aud  with  apples,"  not  one  succeeds.  Though 
theAmerican  varieties  can  withstands  severer  winter  than  oura,tlio 


■'  Von.ll  .,»  Sh«p.  1338,  p.  491. 

municated   to  Bol.  Sot 

or  Cuida, 

"  R07U, '  Prod.  Rewuroa  <.f  Indw,' 

qiioMi  )0  th*  '  Rumder,' 

18^3,  Kov. 

p.  1S3. 

lath. 

"    T.girtn)«icr,      'Poultry      Bogk,' 

«  Sm  Kmi.rk.  bj  Edit 

i>r>n-04ri. 

JflflO,  ,..  102. 

Chronide.'  IB48.  p.  S. 

"  Dr.  R.  Pstsriun,  id  n  pupor  com- 
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summer  hero  is  not  hot  onoagh.  Fruit-trees  have  also  originated 
in  Europe  with  different  constitutions,  but  they  are  not  much 
noticed,  because  nurserymen  here  do  not  supply  wide  areas.  The 
Forelle  pear  flowers  early,  and  when  the  flowers  have  just  set,  and 
this  is  tne  critical  period,  they  have  been  obseryed,  both  in  France 
and  England,  to  withstand  with  complete  impunity  a  frost  of  18^ 
and  eyen  14°  Fahr.,  which  killed  the  flowers,  whether  fully  expanded 
or  in  bud,  of  all  other  kinds  of  pears.^  This  power  in  the  flower  of 
resisting  cold  and  afterwards  producing  fruit  does  not  invariably 
depend,  as  we  know  on  good  authority ,^^  on  general  constitutional 
vigour.  In  proceeding  northward,  the  number  of  varieties  which 
are  found  capable  of  resisting  the  climate  rapidly  decreases,  as  may 
be  seen  in  the  list  of  the  varieties  of  the  cherry,  apple,  and  pear, 
which  can  be  cultivated  in  the  neighbourhood  of  Stockholm.^  Near 
Moscow,  Prince  Troubetzkoy  planted  for  experiment  in  the  open 
ground  several  varieties  of  the  pear,  but  one  alone,  the  Poire  aann 
Pepinsj  withstood  the  cold  of  winter.*'  We  thus  see  that  our  fruit- 
trees,  like  distinct  species  of  the  same  genus,  certainly  difier  from 
each  other  in  their  constitutional  adaptation  to  different  climates. 

With  the  varieties  of  many  plants,  the  adaptation  to  climate  is 
often  very  close.  Thus  it  has  been  proved  by  repeated  trials  "  that 
"  few  if  any  of  the  English  varieties  of  wheat  are  adapted  for  culti- 
"  vation  in  Scotland ; "  ^  but  the  failure  in  this  case  is  at  first  only 
in  the  quantity,  though  ultimately  in  the  quality,  of  the  grain 
produced.  The  Rev.  M.  J.  Berkeley  sowed  wheat-seed  from  Ladia, 
and  got  "  the  most  meagre  ears,'  on  land  which  would  certainly 
have  yielded  a  good  crop  fi-om  English  wheat'^  In  these  cases 
varieties  have  been  carried  from  a  warmer  to  a  cooler  climate ;  in 
the  reverse  case,  as  "  when  wheat  was  imported  directly  from  France 
into  the  West  Indian  Islands,  it  produced  either  wholly  barren 
spikes  or  furnished  with  only  two  or  three  miserable  seeds,  while 
West  Indian  seed  by  its  side  yielded  an  enormous  harvest."  **• 
Here  is  another  case  of  close  adaptation  to  a  slightly  cooler  climate ; 
a  kind  of  wheat  which  in  England  may  bo  used  indifferently  either 
as  a  winter  or  siunmer  variety,  when  sown  under  the  warmer 
climate  of  Grignan,  in  France,  behaved  exactly  as  if  it  had  been  a 
true  winter  wheat." 

Botanists  believe  that  all  the  varieties  of  maize  belong  to  the 
same  species ;  and  we  have  seen  that  in  North  America,  in  proceed- 
ing northward,  tffe  varieties  cultivated  in  each  zone  produce  their 

*•  *  Card.  Chronicle,'  1860,  p.  938.  p.  7. 

Remarks   by    Editor    and    quotation  **  *  Card.  Chronicle,*  1851,  p.  396. 

from  Decaisne.  "  ibid.,  1862,  p.  23o. 

*•  J.   de   Jonghe,   of   Brussels,    in  **  On    the     authority    of    Labat, 

*Gard.  Chronicle,'  1857,  p.  612.  quoted    in    'Gard.   Chron.,'   1862,  p. 

"  Ch.  Manius,  *  Voyage  Bot.  Cotea  2.J5. 

Sept.  de  la  Norvfege,'  p.  26.  "  MM.Ldwards  and  Colin, '  Annal. 

*'  *  Journal  de   I'Acad.   Hort.    de  des  Sc.  Nat.,'  2ad  series,  Bot.,  torn.  r. 

Qand,'  quoted  in '  Ganl.  Chron.,'  1859,  p.  22. 
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flowers  and  ripen  their  seed  within  ahorler  ftud  shorter  periods.  St 
that  the  toll,  slawly  maturing  Gouthem  varieties  do  not  euecevd  in 
New  EoglaDd,  and  the  New  English  T&rietiee  do  not  svicceod  in 
Canada.  I  have  not  met  with  anj  statement  that  the  eouthem 
VEuiettes  are  octuall;  ittjared  or  kiUed  hj  a  degree  of  cold  which  the 
uortbem  variutiee  con  wilhBtnnd  with  impunity,  though  this  is 
probable;  bat  the  production  of  early  flowering  and  early  seeding 
varieties  deserves  to  be  considered  as  one  form  oF  acclimtLttsation. 
Beuce  it  has  been  found  possible,  according  to  K&lm,  to  cultivate 
maize  further  and  further  northwards  in  America.  In  Europe,  also, 
OB  no  learn  from  the  evidence  given  by  Alph.  de  Candolle,  the 
calturo  of  maize  has  extended  since  the  end  of  the  last  century 
thirty  leagues  north  of  its  former  boundary."  On  the  authority  of 
LinnieuK,'*  I  ma;  quote  an  unalogoaa  case,  namely,  that  in  Sweden 
tol>acco  raised  from  liome-grown  eeod  ripens  its  seed  a  month 
Eoiiuer  and  is  less  liable  to  miscarry  than  plants  raised  from  foreign 
seed. 

With  the  Vine,  differently  from  the  maize,  the  line  of  practical 
culture  has  retreated  a  little  southward  since  the  middle  oges;"  but 
this  seems  due  to  commerce  being  now  easier,  so  that  it  is  better  (o 
import  wine  from  the  south  than  to  make  it  in  uorthem  districts. 
Nevertheless  the  fact  of  the  vine  not  having  spread  northward  showa 
that  acclimatisation  has  made  no  progress  during  several  conturieL 
There  is,  however,  a  marked  diB'erenco  in  the  constitution  '  **" 
Eeveral  varieties,— some  being  hardy,  whilst  others,  like  the 

of  Alexandria,  require  averyhigb  temperature  to  come  topei     . , 

According  to  Labat,"  vines  taken  from  France  to  the  West  Indies 
succeed  with  extreme  dif&culty.  whilst  those  imported  from  Modeiis 
or  the  Canary  Islands  thrive  admirably. 

Gallesio  gives  a  curious  account  of  thenaturaliEotiou  of  the  Orange 
in  Italy.  During  many  ccntuiios  the  sweet  orange  was  propagated, 
exclusively  by  grafts,  and  so  often  suffered  fh>m  frosts,  that  ^*  ~ 
quired  protection.  After  the  severe  frost  of  1709,  and  mora  ei 
after  that  of  1763,  so  many  trees  were  destroyed,  that  seedlii 
the  sweet  orange  were  raised,  and,  to  the  surprise  of  the  inlutJ 
their  fruit  was  found  to  bcswetit  The  trees  thus  raised  were 
more  productive,  and  hardier  than  the  old  kinds;  and 
now  continually  raised.  Meuce  Gatleaio  concludes  that  nueli' 
was  effected  for  the  naturalisation  of  the  omuge  in  Italy  b 
accidental  production  of  new  kinds  during  a  period  of  about 
j'Gtu'B,  than  na<l  been  effected  by  grafting  old  varieties  during 
ages."    I  may  add  that  Hisso"  describes  socuo  Port«gue«e  " 
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of  the  orange  as  extremely  sensitive  to  cold,  and  as  much  tenderer 
than  certain  other  varieties. 

The  peach  was  known  to  Theophrastus,  322  b.c."  According  to 
the  authorities  quoted  by  Dr.  F.  Rollc,**  it  was  tender  when  first 
introduced  into  Greece,  and  even  in  the  island  of  Bhodes  only 
occasionally  bore  fruit.  If  this  be  correct,  the  peach,  in  spreading 
during  the  last  two  thousand  years  over  the  middle  parts  of  Europe, 
must  have  become  much  hardier.  At  the  present  day  different 
varieties  differ  much  in  hardiness :  some  French  varieties  will  not 
succeed  in  England ;  and  near  Paris,  the  Pauie  tie  Bonneuil  does  not 
ripen  its  fruit  till  very  late  in  the  season,  even  when  grown  on  a 
wall ;  "  it  is,  therefore,  only  fit  for  a  very  hot  southern  climate."  ^ 

I  will  briefly  give  a  few  other  cases.  A  variety  of  Magnolia 
grandiflora,  raised  by  M.  Roy,  withstands  a  temperature  several 
degrees  lower  than  that  which  any  other  variety  can  resist.  With 
camellias  there  is  much  difference  in  hardiness.  One  particular 
variety  of  the  Noisette  rose  withstood  the  severe  frost  of  1860  *'  un- 
**  touched  and  hale  amidst  a  universal  destruction  of  other  Noisettes." 
In  New  York  the  "  Irish  yew  is  quite  hardy,  but  the  common  yew 
"  is  liable  to  be  cut  down."  I  may  add  that  there  are  varieties  of 
the  sweet  potato  (Convolvulus  batatas)  which  are  suited  for  warmer, 
as  well  as  for  colder,  climates.*^ 

The  plants  as  yet  mentioned  have  been  found  capable  of 
resisting  an  unusual  degree  of  eoLl  or  heat,  when  fully  gi'own. 
The  following  cases  refer  to  plants  whilst  young.  In  a  large 
bod  of  young  Araucarias  of  the  same  ago,  growing  close  to- 
gether and  equally  exposed,  it  was  observed,*^  after  the 
unusually  .severe  winter  of  18C0-C1,  that,  "in  the  midst  of 
**  tho  dying,  numerous  individuals  remained  on  which  the 
"  frost  had  absolutely  made  no  kind  of  impression.'*  Dr. 
Lindley,  after  alluding  to  this  and  other  similar  cases, 
remarks,  "  Among  tho  lessons  which  the  late  formidable 
**  winter  has  taught  us,  is  that,  even  in  their  power  of 
**  resisting  cold,  individuals  of  the  same  species  of  plants  are 
"  remarkably  different."  Near  Salisbury,  there  was  a  sharp 
frost  on  the  night  of  May  2-1  th,    1836,  nnd  all  the  French 

•*  Alph.   do   Candolle,  'Geograph.  For  camellias   and   roses,  see  *Ganl. 

Bot.,'  p.  882.  Chron.,'  18»J0,  ji.  384.     For  the  yew, 

•*  *Ch.    Darwin's    Lehro  ron    der  *  Journal  of  Hort.,*  March  3rd,  1863, 

Entitehiing,'  &c.,  1862,  i^87.  p  174.     For  sweet  potatoes,  see  Col. 

**  Decaisne,  quoted  in'Qard.  Chro-  von  Siebold,  in  <Gard.  Chron./  185A, 

nicle,'  1865,  p.  271.  p.  822. 

•'  For  the  magnolU,  see  Loudon's  ••  The  i/iitorj'Gard. Chron.,' 1861, 

*Gard.  Mag.,'  vol  xili.,  1887,  p.  21.  p.  239. 
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beans  (Pha»eolu8  vtdgaris)  in  a  bed  were  killed  except  about 
one  in  thirty,  which  completely  escaped.*'  On  the  same  day  of 
the  month,  but  in  the  year  1864,  there  was  a  severe  frost  in 
Kent,  and  two  rows  of  scarlet-runners  (P.  muUiflorus)  in  my 
garden,  containing  390  plants  of  the  same  age  and  equally 
exposed,  were  all  blackened  and  killed  except  about  a  dozen 
plants.  In  an  adjoining  row  of  "Fulmer's  dwarf  bean'* 
(P.  vulgaris)^  one  single  plant  escaped.  A  still  more  severe 
frost  occurred  four  days  afterwards,  and  of  the  dozen  plants 
which  had  previously  escaped  only  three  survived;  these 
were  not  taller  or  more  viggrous  than  the  other  young  plants, 
but  they  escaped  completely,  with  not  even  the  tips  of  their 
leaves  browned.  It  was  impossible  to  behold  these  ihree 
plants,  with  their  blackened,  withered,  and  dead  brethren  all 
around,  and  not  see  at  a  glance  that  they  differed  widely  in 
constitutional  power  of  resisting  frost. 

This  work  is  not  the  proper  place  to  show  that  wild  plants 
of  the  same  species,  naturally  growing  at  different  altitudes 
or  under  different  latitudes,  become  to  a  cei*tain  extent  accli- 
matised, as  is  proved  by  the  different  behaviour  of  their  seed- 
lings when  raised  in  another  country.  In  my  *  Origin  of 
Species  *  I  have  alluded  to  some  cases,  and  I  could  add  many 
others.  One  instance  must  suffice :  Mr.  G rigor,  of  Forres,'® 
states  tliat  seedlings  of  the  Scotch  fir  (Ptnus  syhestris)^  raised 
from  seed  from  the  Continent  and  from  the  forests  of  Scotland^ 
differ  much.  **  The  difference  is  perceptible  in  one-year-old, 
"and  more  so  in  two-year-old  seedlings;  but  the  effects  of 
"  the  winter  on  the  second  year's  growth  almost  uniformly 
**  make  those  from  the  Continent  quite  brown,  and  so  damaged, 
"  that  by  the  month  of  March  tliey  are  quite  unsaleable, 
"  while  the  plants  from  the  native  iScotch  pine,  under  the 
"  same  treatment,  and  standing  alongside,  although  consider- 
"  ably  shorter,  are  rather  stouter  and  quite  green,  so  that  the 

••  Loudon's  *  G.irtl.  Mag./  vol.  xii.,  plants,      which     he     cultivated     in 

1836,  p.  378.  Knglaml     alon^i^sidt*   specimens    from 

••'(iardeuer'sChron.,*  18Gr»,  p.  699.  northern   districts;  and   he  found  a 

Mr.  G.   Maw  gives   (' Ganl.   Chron.'  great    difference   not   onlj   in     their 

1870,  p.  89.'))   a  number  of  striking  hardiness  during  the  winter,  bat  ia 

case^ ;  he  brought  home  from  south-  the    behaviour    of    somo    of    them 

em  Spain  and  northern  Africa  several  during  the  summer. 
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"  beds  of  the  one  can  be  known  from  the  other  when  seen 
"  from  the  distance  of  a  mile."  Closely  similar  facts  have  been 
observed  with  seedling  larches. 

Hardy  varieties  would  alone  be  valued  or  noticed  in  Europe ; 
whilst  tender  varieties,  requiring  more  warmth,  would  generally  be 
neglected ;  but  such  occasionally  arise.  Thus  Loudon  ^^  describes  a 
Cornish  variety  of  the  elm  which  is  almost  an  evergreen,  and  of 
which  the  shoots  are  often  killed  by  the  autumnal  frosts,  so  that  its 
timber  is  of  little  value.  Horticulturists  know  that  some  varieties 
are  much  more  tender  than  others :  thus  all  the  varieties  of  the 
broccoli  are  more  tender  than  cabbages ;  but  there  is  much  difference 
in  this  respect  in  the  sub- varieties  of  the  broccoli ;  the  pink  and 
purple  kinas  are  a  little  hardier  than  the  white  Cape  broccoli,  "  but 
"  they  are  not  to  be  depended  on  after  the  thermometer  falls  below 
"  24°  Fahr. ;"  the  Walcheren  broccoli  is  less  tender  than  the  Cape, 
and  there  are  several  varieties  which  will  stand  much  severer  cold 
than  the  Walcheren.'*  Cauliflowers  seed  more  freely  in  India  than 
cabbages.'*  To  give  one  instance  with  flowers :  eleven  plants  raised 
from  a  hollyhock,  called  the  Queen  of  the  Whites,"'*  were  found  to  be 
much  more  tender  than  various  other  seedlings.  It  may  be  pre- 
sumed that  all  tender  varieties  would  succeed  better  under  a  climate 
warmer  than  ours.  With  fruit-trees,  it  is  well  known  that  certain 
varieties,  for  instance  of  the  peach,  stand  forcing  in  a  hot-house 
better  than  others ;  and  this  shows  either  pliability  of  organisation 
or  some  constitutional  difference.  The  same  individual  cherry-tree, 
when  forced,  has  been  observed  during  successive  years  gradually  to 
change  its  period  of  vegetation.''^  Few  pelargoniums  can  resist  the 
lif^t  of  a  stove,  but  AUki  MuUijiom  will,  as  a  most  skilful  gardener 
asserts,  "stand  pine-apple  top  and  bottom  heat  the  whole  winter, 
**  without  looking  any  more  drawn  than  if  it  had  stood  in  a  common 
''  greenhouse ;  and  lilanche  Fkur  seems  as  if  it  had  been  made  on 
"  purpose  for  growing  in  winter,  like  many  bulbs,  and  to  rest  all 
"  summer."  '**  There  can  hardly  be  a  doubt  that  the  Alha  MuUiftora 
pelargonium  must  have  a  widely  different  constitution  from  that  of 
most  other  varieties  of  this  plant ;  it  would  probably  withstand  even 
an  equatorial  climate. 

We  have  seen  that  according  to  Labat  the  vine  and  wheat  require 
acclimatisation  in  order  to  succeed  in  the  West  Indies.  Similar 
facts  have  been  observed  at  Madras  :  "  two  parcels  of  mignonette- 


^*  *  Arboretum  et  Fruticctum,*  vol.  '*  'Gardener's  Chronicle,'  1841,  p. 

lii.  p.  1376.  291. 

•*    Mr.    Ilobson,    in    'Journal    of  '''  Mr.  Beaton,  in   'Cottage   Gar- 
Horticulture,*  ISfil,  p.  23.  .lencr,'    March    20th,   18'30,    p.   377. 

^'    Dr.   I^navia,   'Report   of  the  Queen  Mab  will  also  stanJ  stove  heat. 

Agri.-Hort.  Soc.  of  Oudh,'  18G6.  Sec  'Gardener's  Chronicle/  1845,  p. 

'*  *  Cottage  Gardener,'  1860,  April  226. 
24th,  p.  67. 
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"  seed,  one  direct  from  Europe,  Die  other  saved  at  Bangalore  (of 
"  which  the  mean  temperature  is  much  below  that  of  Madras),  were 
"  sown  at  the  same  time :  tliey  both  vegetated  equally  favourably, 
"  but  the  former  all  died  oflf  a  few  days  after  they  appeared  above 
"  ground ;  the  latter  still  survive,  and  are  vigorous,  healthy  plants." 
"  So  again,  turnip  and  carrot  seed  saved  at  Hyderabad  are  found  to 
''  answer  better  at  Madras  than  seed  from  Europe  or  from  the  Cape 
"  of  Good  Hope."  '^  Mr.  J.  Scott  of  the  Calcutta  Botanic  Gardens, 
informs  me  that  seeds  of  the  swcet-peA  (Lathyrus  odoratus)  imported 
from  England  produce  plants,  w^ith  thick,  rigid  stems  and  small 
leaves,  which  rarely  blossom  and  never  yield  seed ;  plants  raised  from 
French  seed  blossom  sparingly,  but  all  the  flowers  are  sterile ;  on 
the  other  hand,  plants  raised  from  sweet-peas  grown  near  Darjeeling 
in  Upper  India,  but  originally  derived  from  England,  can  be  suc- 
cessfully cultivated  on  the  plains  of  India ;  for  they  flower  and  seed 
profusely,  and  their  stems  are  lax  and  scandent.  In  some  of  the 
foregoing  cases,  as  Dr.  Hooker  has  remarked  to  me,  the  greater 
success  may  perhaps  be  attributed  to  the  seeds  having  been  more 
fully  ripened  under  a  more  favourable  climate ;  but  this  view  can 
hardly  be  extended  to  so  many  cases,  including  plants,  which,  from 
being  cultivated  under  a  climate  hotter  than  their  native  one, 
become  fitted  for  a  still  hotter  climate.  Wc  may  therefore  safely 
conclude  that  plants  can  to  a  certain  extent  become  accustomed  to 
a  climate  either  hotter  or  colder  than  their  own ;  although  the  latter 
cases  have  been  more  frequently  observed. 

Wo  will  now  consider  the  means  by  which  acclimatisation 
may  he  effected,  namely,  through  the  appearance  of  varieties 
having  a  difTerent  constitution,  and  through  the  efiects  of 
habit.  In  regard  to  new  vaneties,  there  is  no  evidence  that 
a  change  in  the  constitution  of  the  oflspring  necessarily  stands 
in  any  direct  relation  with  the  nature  of  the  climate  inhabited 
by  the  parents.  On  the  contrary,  it  is  certaiit  that  hardy 
and  tender  varieties  of  the  same  species  appear  in  the  Fame 
country.  New  varieties  thus  spontaneously  arising  become 
fitted  to  slightly  different  climates  in  two  different  waj's  ; 
firstly,  they  may  have  the  power,  either  as  seedlings  or  when 
full-grown,  of  resisting  intense  cold,  as  with  the  Moscow 
pear,  or  of  resisting  intense  heat,  as  with  some  kinds  of 
Pelargonium,  or  the  flowers  may  withstand  severe  frost,  as 
■with  the  Forelle  pear.  Secondly,  plants  may  iKJcome  adapted 
to  climates  widely  different  from  their  o^\^l,  from  flowering 
and  fruiting  either  earlier  or  later  in  the  season.     In  bpth 

"  *Ganlener*«  Chronicle,'  1841,  p.  430. 
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those  cases  the  power  of  acclimatisation  by  man  consists 
simply  in  the  selection  and  preservation  of  new  varieties. 
But  without  any  direct  intention  on  his  part  of  securing 
a  hardier  variety,  acclimatisation  may  be  unconsciously 
effected  by  merely  raising  tender  plants  from  seed,  and  by 
occasionally  attempting  their  cultivation  further  and  further 
northwards,  as  in  the  case  of  maize,  the  orange  and  the 
peach. 

How  much  influence  ought  to  be  attributed  to  inherited 
habit  or  custom  in  the  acclimatisation  of  animals  and  plants 
is  a  n^uch  more  difiBcult  question.  In  many  cases  natural 
selection  can  hardly  have  failed  to  have  come  into  play  and 
complicated  the  result.  It  is  notorious  that  mountain  sheep 
resist  severe  weather  and  storms  of  snow  which  would  destroy 
lowland  breeds ;  but  then  mountain  sheep  have  been  thus 
exposed  from  time  immemorial,  and  all  delicate  individuals 
will  have  been  destroyed,  and  the  hardiest  preserved.  So 
with  the  Arrindy  silk-moths  of  China  and  India ;  who  can 
tell  how  far  natural  selection  may  have  taken  a  share  in  the 
formation  of  the  two  races,  which  are  now  fitted  for  such 
widely  different  climates?  It  seems  at  first  probable  that  the 
many  finiit-trees  which  are  so  well  fitted  for  the  hot  summers 
and  cold  winters  of  North  America,  in  contrast  with  their 
poor  success  under  our  climate,  have  become  adapted  through 
habit;  but  when  we  reflect  on  the  multitude  of  seedlings 
annually  raised  in  that  country,  and  that  none  would  succeed 
unless  bom  with  a  fitting  constitution,  it  is  possible  that 
mere  habit  may  have  done  nothing  towards  their  acclima- 
tisation. On  the  other  hand,  when  we  hear  that  Merino 
sheep,  bred  during  no  great  number  of  generations  at  the 
Capo  of  Good  Hope — that  some  European  plants  raised 
during  only  a  few  generations  in  the  cooler  parts  of  India, 
withstand  the  hotter  parts  of  that  country  much  better  than 
the  sheep  or  seeds  imported  directly  from  England,  we  must 
attribute  some  influence  to  habit.  ^Ve  are  led  to  the  same 
conclusion  when  we  hear  from  Naudin  '*  that  the  races  of 
melons,  squashes,  and  gourds,  which  have  long  been  cultivated 

'•  Quote!  by  Asa  Orav,   in   *  Am.  Jonrn.  of  Sci.,'  2n(l  series,  Jan.  1865, 
\\  lOG. 
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in  Noitheru  Kurope,  are  cx)nipBrative]y  more  preoooious,  and 
need  much  less  heat  for  niatnriiig  their  fruit,  than  tlie 
Tftrieties  of  the  eame  sppciea  recently  brought  from  tropical 
i-egioiiB.  In  the  reoiprocul  cimverflioii  of  summer  and  winter 
wheat,  barley,  and  vetches  into  each  other,  habit  produces 
a  marked  effect  in  the  course  of  a  very  few  generations. 
Tlio  same  thing  apparently  occurs  with  the  varieties  of 
maize,  which,  when  carried  from  tlio  Southern  States  of 
America,  or  into  Germany,  soon  became  accustomed  to  their 
new  homes.  With  vine-plants  taken  (o  the  West  Indies  frtnn 
Madeira,  which  arc  said  to  succeed  botterthan  plants  brought 
directly  from  Franco,  we  have  eome  degree  of  acclimatisation 
in  the  individual,  independently  of  the  production  of  new 
varieties  by  seed. 

The  common  experience  of  agricultunfits  is  of  sumo  vaJno, 
and  they  often  advise  persons  to  bo  cautious  in  trying  the 
productions  of  one  country  in  another.  The  aticient  agri- 
cultural writers  of  China  recommend  the  preservaUou  and 
cultivation  of  the  varieties  peculiar  to  each  country,  I>aring 
the  clnseical  period.  Columella  wrote,  "  Vernaculum  pccnif 
"  peregrino  loiige  prntstaatiua  est."'* 

I  um  aware  that  the  attempt  to  acclimatise  either  aninuUs 
or  plants  has  been  called  a  vain  chimera.  Ko  doubt  the 
attempt  in  most  coses  deserves  to  be  thus  called,  if  made  tnr 
dopondontly  of  the  production  of  new  varieties  endowed  with 
a  different  constitution.  With  plants  propagated  by  bnds. 
habit  rarely  produces  ony  effect ;  it  apparently  acts  («dy 
through  Bucceesivo  seminal  generations.  The  laurel,  bay, 
laurestinus,  &c.,  and  the  Jerusalem  artichoke,  which  are  pro- 
jHtgatcd  by  outtings  or  tubers,  are  probably  now  an  tender  in 
England  as  when  lirst  introduced  ;  and  this  apjiears  to  ba  the 
case  with  the  potato,  which  until  recently  wbb  seldom  mul- 
tiplied byseod.  With  plants  propagated  by  seed,  and  with 
animals,  there  will  be  little  or  no  acclimatisation  unless  the 
hardier  individuals  are  either  intentionally  ur  nnconsdously 
preserved.     The  kidney-bean  has  often  been  advauoed  as  aa 
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instance  of  a  plant  which  has  not  bccomo  hardier  since  its 
first  introduction  into  Britain.  Wo  hear,  however,  on  excel- 
lent authority ,®°  that  some  very  fine  seed,  imported  from  abroad, 
produced  plants  "  which  blossomed  most  profusely,  but  were 
*'  nearly  all  but  abortive,  whilst  plants  grown  alongside  from 
"  English  seed  podded  abundantly ; "  and  this  apparently 
shows  some  degree  of  acclimatisation  in  our  English  plants. 
We  have  also  seen  that  seedlings  of  the  kidney-bean  occasion- 
ally appear  with  a  marked  power  of  resisting  frost ;  but  no 
one,  as  far  as  I  can  hear,  has  ever  separated  such  hardy 
seedlings,  so  as  to  prevent  accidental  crossing,  and  then 
gathered  their  seed,  and  repeated  the  process  year  after  year. 
It  may,  however,  be  objected  with  truth  that  natural  selection 
ought  to  have  had  a  decided  ofiect  on  the  hardiness  of  our 
kidney-beans ;  for  the  tenderest  individuals  must  have  been 
killed  during  every  severe  spring,  and  the  hardier  preserved. 
But  it  should  be  borne  in  mind  that  the  result  of  increased 
hardiness  would  simply  be  that  gardeners,  who  are  always 
anxious  for  as  early  a  crop  as  possible,  would  sow  their  seed 
a  few  days  earlier  than  formerly.  Kow,  as  the  period  of  sowing 
depends  much  on  the  soil  and  elevation  of  each  district,  and 
varies  with  the  season ;  and  as  new  varieties  have  often  been 
imported  from  abroad,  can  wo  feel  sure  that  our  kidney-beans 
are  not  somewhat  hardier  ?  I  have  not  been  able,  by  searching 
old  horticultural  works,  to  answer  this  question  satisfactorily. 
On  the  whole  the  facts  now  given  show  that,  though  habit 
does  something  towards  acclimatisation,  yet  that  the  ap- 
pearance of  constitutionally  different  individuals  is  a  far  more 
effective  agent.  As  no  single  instance  has  been  recorded 
either  with  animals  or  plants  of  hardier  individuals  having 
been  long  and  steadily  selected,  though  such  selection  is 
admitted  to  bo  indispensable  for  the  improvement  of  any  other 
character,  it  is  not  surprising  that  man  has  done  little  in  the 
acclimatisation  of  domesticated  animals  and  cultivated  plants. 
We  need  not,  however,  doubt  that  under  nature  new  races 
and  new  species  would  become  adapted  to  widely  different 
climates,  by  variation,  aided  by  habit,  and  regulated  by 
natural  selection. 

••  Messi-s.  Hardy  an  J  S.in,in  'Card.  Chronicle,*  1850,  p.  fSO. 


306  LAWS  OF   VABIATION.  CuAP.  XXH'. 


Ai-rests  of  Development :  JRudimentary  and  Aborted  Orgatu. 

Modifications  of  structure  from  arrested  developroent,  so  great 
or  so  serious  as  to  deserve  to  be  called  monstrosities,  are  not  in- 
frequent with  domesticated  animals,  but,  as  they  differ  much  from 
any  normal  structure,  they  require  only  a  passing  notice.  Thna 
the  whole  head  may  be  represented  by  a  soft  nipple-liko  projec- 
tion, and  the  limbs  by  mere  papillte.  These  rudiments  of  limbe  are 
sometimes  inherited,  as  has  been  obsenred  in  a  dog.*^ 

Miuiy  lesser  anomalies  appear  to  be  due  to  arrested  developmeiit. 
What  the  cause  of  the  arrest  may  be,  we  seldom  know,  except  in 
the  case  of  direct  injury  to  the  embryo.  That  the  cause  docs  not 
generally  act  at  an  extremely  early  embryonic  period  we  may  infer 
from  the  affected  organ  seldom  being  wholly  alx)rtoi, — a  radiment 
being  generally  preserved.  The  external  ears  are  represented  hv 
mere  vestiges  in  a  Chinese  breed  of  sheep ;  and  in  another  breea, 
the  tail  is  reduced  "  to  a  little  button,  suffocated  in  a  manner,  by 
fat."  "*  In  tailless  dogs  and  cats  a  stump  is  left  In  certain  breeds  of 
fowls  the  comb  and  wattles  are  reduced  to  rudiments ;  in  the  Cochin- 
China  breed  scarct'ly  more  than  rudiments  of  spurs  exist  With 
p^)]!^!  Suffolk  cattle,  "  rudiments  of  horns  can  often  be  felt  at  an 
"  early  ago ;"  "  and  with  sjx'cies  in  a  state  of  nature,  the  relatively 
great  development  of  rudimentary  organs  at  an  early  period  of 
life  is  highly  characteristic  of  such  organs.  With  hornless  breeds 
of  cattle  and  sheep,  another  and  singular  kind  of  rudiment  has 
been  observed,  namely,  minute  dangling  horns  attached  to  the  skin 
alone,  and  wliicli  are  often  shed  and  grow  again.  With  hornless 
goats,  according  to  Dosmarest,'^  the  bony  protuberance  which 
properly  supports  the  horn  exists  as  a  mere  rudiment. 

With  cultivated  plants  it  is  far  from  rare  to  find  the  petals, 
stamens,  and  pistils  represented  by  rudiments,  like  those  oljwrved 
in  natural  species.  So  it  is  with  the  whole  seed  in  many  fruits; 
thus,  near  Astrakhan  there  is  a  grape  with  mere  traces  of  seeds,  "  so 
"  small  and  lying  so  near  the  stalk  that  they  are  not  perceived  in 
"  eating  the  grai)e."  "  In  certain  varieties  of  the  gourd,  the  tendrils, 
according  to  Nandin,  are  represented  by  rudiments  or  by  various 
monstrous  growths.  In  the  broccoli  and  cauliflower  the  greater 
numl)er  of  the  flowers  are  incai)ablo  of  expansion,  and  include 
rudimentary  organs.  In  the  Feather  hyacinth  {Musiari  conufsum) 
in  its  natural  state  the  ui^jxt  and  central  flowers  are  brightly 
coloured    but  rudimentary ;    under  cultivation  the    tendency    to 
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ii]>ortion  travels  downwards  and  outwards,  and  all  the  flowers 
become  rudimentary ;  but  the  alwrtive  stamens  and  pistils  are  not 
so  small  in  the  lower  as  in  the  upper  flowers.  In  the  Viburnum 
ojtulufi,  on  the  other  hand,  the  outer  flowers  naturally  have  their 
orgaiLs  of  fructification  in  a  rudimentary  state,  and  the  corolla  is  of 
large  size ;  under  cultivation,  the  change  spreads  to  the  centre,  and 
all  the  flowers  become  affected.  In  the  compositie,  the  so-called 
doubling  of  the  flowers  consists  in  the  greater  development  of  the 
corolla  of  the  central  florets,  generally  accompanied  with  some  degree 
of  sterility ;  and  it  has  been  observed  ^  that  the  progressive  doubling 
invariably  spreads  from  the  circumference  to  the  centre, — that  is, 
from  the  ray  florets,  which  so  often  include  rudimentary  organs,  to 
those  of  the  disc.  I  may  add,  as  bearing  on  this  subject,  that  with 
Asters,  seeds  taken  from  the  florets  of  the  circumference  have  been 
found  to  yield  the  greatest  number  of  double  flowers."  In  the 
alx)ve  cases  we  have  a  natural  tendency  in  certain  parts  to  be  rudi- 
mentary, and  this  under  culture  spreads  either  to,  or  from,  the  axis 
of  the  plant.  It  deserves  notice,  as  showing  how  the  same  laws 
govern  the  changes  which  natiu*al  species  and  artificial  varieties 
undergo,  that  in  the  species  of  Carthamus,  one  of  the  Compositae,  a 
tendency  to  the  abortion  of  the  pappus  may  bo  traced  extending 
from  the  circumference  to  the  centre  of  the  disc  as  in  the  so-called 
doubling  of  the  flowers  in  the  members  of  the  same  family.  Thus, 
according  to  A.  de  Jussieu,^  the  abortion  is  only  partial  in  Cartha- 
mus creticusy  but  more  extended  in  C,  lanatus ;  for  in  this  species 
only  two  or  three  of  the  central  seeds  are  furnished  with  a  pappus, 
the  surrounding  seeds  being  either  quite  naked  or  furnished  with  a 
few  hairs ;  and  lastly  in  (/.  tinctrrim,  even  the  central  seeds  are 
destitute  of  pappus,  and  the  abortion  is  complete. 

With  animals  and  plants  under  domestication,  when  an  organ 
disappears,  leaving  only  a  rudiment,  the  loss  has  generally  been 
sudden,  as  with  hornless  and  tailless  breeds ;  and  such  cases  may  be 
ranked  as  inherited  monstrosities.  But  in  some  few  cases  the  loss 
has  been  gradual,  and  has  been  effected  partly  by  selection,  as 
with  the  rudimentary  combs  and  wattles  of  certain  fowls.  We 
have  also  seen  that  the  wings  of  some  domesticated  birds  have  been 
slightly  reduced  by  disuse,  and  the  great  reduction  of  the  wings 
in  certain  silk-moths,  with  mere  rudiments  left,  has  probably  been 
aided  by  disuse. 

With  species  in  a  state  of  nature,  rudimentary  organs  are 
extremely  common.  Such  organs  aro  generally  variable,  as 
several  naturalists  have  observed  ;  for,  bc-ing  useless,  they  aro 
not  regulated  by  natural  selection,  and  they  are  more  or  less 
liable  to  reversion.     The  same  rule  certainly  holds  good  with 

••  Mr.  Boaton,  in  *  Journal  of  Hor-       1862,  p.  233. 
ticulturc,*  May  21,  1801,  p.  133.  ••  *Annalcs  du  Mustum,*  torn,  vl 
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parts  which  have  boconio  rudimentary  under  domestication. 
We  do  not  know  through  what  steps  under  nature  rudimentary 
organs  have  passed  in  being  reduced  to  their  present  condition  ; 
but  wo  so  incessantly  see  in  species  of  the  same  group  the 
finest  gradations  between  an  organ  in  a  rudimentary  and 
perfect  state,  that  we  are  led  to  believe  that  the  passage  must 
have  been  extremely  gradual.  It  may  be  doubted  whether  a 
change  of  structure  so  abrupt  as  the  sudden  loss  of  an  organ 
would  ever  be  of  service  to  a  species  in  a  state  of  nature  ;  for 
the  conditions  to  which  all  organisms  are  closely  adapted 
usually  change  very  slowly.  Even  if  an  organ  did  suddenly 
disappear  in  some  one  individual  by  an  an*est  of  development, 
intenuossing  with  the  other  individuals  of  the  same  species 
would  tend  to  cause  its  partial  reappearance;  so  that  it« 
final  1  eduction  could  only  be  eflfected  by  some  other  means. 
The  mo.st  probable  view  is,  that  a  part  which  is  now  rudi- 
mentary, was  formerly,  owing  to  changed  habits  of  life,  used 
less  and  loss,  being  at  the  same  time  reduced  in  size  by 
disuse,  until  at  last  it  became  quite  useless  and  superfluous. 
But  as  most  parts  or  organs  are  not  brought  into  action 
during  an  early  period  of  life,  disuse  or  decreased  action  will 
not  lead  to  their  reduction  until  the  organism  arrives  at  a 
somewhat  advanced  age ;  and  from  the  principle  of  inheritance 
at  corresponding  ages  the  reduction  will  be  transmitted  to 
the  offspring  at  the  same  advanced  stage  of  growth.  The 
part  or  organ  will  thus  retain  its  full  size  in  the  embryo, 
as  we  know  to  be  the  case  with  most  rudiments.  As  soon  as 
a  part  becomes  useless,  another  principle,  that  of  economy  of 
growth,  will  come  into  play,  as  it  would  be  an  advantage  to 
an  organisui  exjwsed  to  severe  competition  to  save  the  de- 
velopment of  any  useless  part;  and  individuals  having  the 
part  less  developed  will  have  a  slight  advantage  over  others. 
But,  as  Mr.  Mivart  has  justly  remarked,  as  soon  as  a  part  is 
much  reduced,  the  saving  from  its  further  reduction  will  be 
utterly  insignificant ;  so  that  this  cannot  be  effected  by 
natural  selection.  This  manifestl}'  holds  good  if  the  part  bo 
formerl  of  mere  cellular  tissue,  entailing  little  exjxjndituro  of 
nutriment.  How  then  can  the  further  reduction  of  an  already 
somewhat  reduced  part  bo  effected  ?     That  this  has  occurred 
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repeatedly  under  Nature  is  shown  by  the  many  gradations 
which  exist  between  organs  in  a  perfect  state  and  the  merest 
vestiges  of  them.  Mr.  Eomanes  ®^  has,  I  think,  thrown  much 
light  on  this  difficult  problem.  His  view,  as  far  as  it  can  bo 
^iven  in  a  few  words,  is  as  follows :  all  parts  are  somewhat 
variable  and  fluctuate  in  size  round  an  average  point.  Now, 
when  a  part  has  already  begun  from  any  cause  to  decrease,  it 
is  very  improbable  that  the  variations  should  be  as  great  in 
the  direction  of  increase  as  of  diminution ;  for  its  previous 
reduction  shows  that  circumstances  have  not  been  favourable 
for  its  development ;  whilst  there  is  nothing  to  check  varia- 
tions in  the  opposite  direction.  If  this  be  so,  the  long  con- 
tinued crossing  of  many  individuals  furnished  with  an  grgan 
which  fluctuates  in  a  greater  degree  towards  decrease  than 
towards  increase,  will  slowly  but  steadily  lead  to  its  diminu- 
tion. With  respect  to  the  complete  and  absolute  abortion  of 
a  part,  a  distinct  principle,  which  will  be  discussed  in  the 
chapter  on  pangenesis,  probably  comes  into  action. 

AVith  animals  and  plants  reared  by  man  there  is  no  severe 
or  recurrent  struggle  fur  existence,  and  the  principle  of 
iioouomy  will  not  come  into  action,  so  that  the  reduction  of 
an  organ  will  not  thus  be  aided.  So  far,  indeed,  is  this  from 
being  the  case,  that  in  some  few  instances  organs,  which  are 
naturally  rudimentary  in  the  parent- species,  become  partiaUy 
redeveloped  in  the  domesticated  descendants.  Thus  cows, 
like  most  other  ruminants,  properly  have  four  active  and  two 
rudimentary  mammae ;  but  in  our  domesticated  animals,  the 
latter  occasionally  become  considerably  developed  and  yield 
milk.  The  atrophied  mammas,  which,  in  male  domesticated 
animals,  including  man,  have  in  some  rare  cases  grown  to  full 
size  and  secreted  milk,  perhaps  ofier  an  analogous  case.  The 
hind  feet  of  dogs  naturally  include  rudiments  of  a  fifth  toe, 
and  in  certain  large  breeds  these  toes,  though  still  rudimentary, 
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bocomo  considerably  developed  and  are  furnished  with  claws. 
In  tlio  common  lien,  the  spurs  and  comb  are  rudimentary, 
but  in  certain  breeds  these  become,  independently  of  age  or 
disease  of  the  ovaria,  well  developed.  The  stallion  has 
canine  teeth,  but  the  mare  has  only  traces  of  the  alveoli,  which, 
as  I  am  informed  by  the  eminent  veterinarian  Mr.  G.  T.  Brown, 
frequentl}"  contain  minute  irregidar  nodules  of  bone.  Theso 
nodules,  however,  sometimes  become  developed  into  imperfect 
teeth,  protruding  through  the  gums  and  coated  with  enamel ; 
and  occasionally  they  grow  to  a  fourth  or  even  a  third  of  tho 
length  of  the  canines  in  the  stallion.  With  plants  I  do  not 
know  whether  the  redevelopment  of  rudimentary  organs 
occurs  more  frequently  under  culture  than  tinder  nature. 
Perhaps  the  pear-tree  may  be  a  case  in  point,  for  when  wild 
it  bears  thorns,  which  consist  of  branches  in  a  rudimentary 
condition  and  serve  as  a  protection,  but,  when  tho  tree  is 
cultivated,  they  are  reconverted  into  branches. 
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CIIArTER  XXV. 
LAWS  OF  VARiATiox,  Continued  —  correlated  variadilitv. 

KXrLANATIOX  OF  TERM  CORRELATION — CONNECTED  WITH  DEVEOLPMENT — 
MODIFICATIONS  CORRELATED  WITH  THE  INCREASED  OR  DECREASED  SIZE 
OF  PARTS — CORRELATED  VARIATION  OF  HOMOLOGOUS  PARTS — FEATHERED 
FEET  IN  BIRDS  ASSUMING  THE  STRUCTURE  OF  THE  WINGS — CORRELATION 
BETWEEN  THE  HEAD  AND  THE  EXTREillTIES — BETWEEN  THE  8KIK  AND 
DFJIMAL  APPENDAGES— BETWEEN  THE  ORGANS  OF  SIGHT  AND  HEARING — 
CORRELATED  MODIFICATIONS  IN  THE  ORGANS  OF  PLANTS— CORRELATED 
MONSTROSITIES— CORRELATION  BET\%EEN  THE  SKULL  AND  EARS — SKULL 
AND  CREST  OF  FEATHERS — SKULL  AND  HORNS — CORRELATION  OF  GROWTH 
C03IPLICATED  BY  THE  ACCUMULATED  EFFECTS  OF  NATURAL  SELECTION — 
COLOUR   AS  CORRLXATED  WITH   CONSTITUTIONAL  PECULIARITIES. 

All  parts  of  tlio  organisation  are  to  a  certain  extent  connected 
tojjjether ;  but  the  connection  may  bo  so  sliglit  tliat  it  hardly 
exists,  as  with  compound  animals  or  the  buds  on  the  same  tree. 
Kvcn  in  the  higher  animals  various  parts  are  not  at  all 
closely  related ;  for  one  part  may  bo  wholly  suppressed  or 
rendered  monstrous  without  any  other  part  of  the  body 
Ixjing  affected.  But  in  some  cases,  when  one  part  varies, 
certain  other  parts  always,  or  nearly  alwaj's,  simultaneously 
vary ;  they  arc  then  subject  to  the  law  of  correlated  varia- 
tion. Tho  whole  body  is  admirably  co-ordinated  for  the  pecu- 
liar habits  of  life  of  each  organic  being,  and  may  bo  said,  as 
the  Duke  of  Argyll  insists  in  his  *  Keign  of  Law,*  to  bo  corre- 
lated for  this  purpose.  Again,  in  largo  groups  of  animals 
certain  structures  always  co-exist:  for  instance,  a  peculiar 
form  of  stomach  with  teeth  of  peculiar  form,  and  such 
structures  may  in  one  sense  be  said  to  bo  correlated.  But 
these  cases  have  no  necessary  connection  with  the  law  to  bo 
discussed  in  tho  present  chapter ;  for  wo  do  not  know  that 
the  initial  or  primary  variations  of  tho  several  i>arts  were  in 
any  way  related:  slight  modifications  or  individual  differ- 
<nces  may  have  been  preserved,  first  in  one  and  then  in  another 
part,  until  the  final  and  perfectly  co-adapted  structure  was 
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acquired  ;  but  to  this  subject  I  shall  presently  recur.  Again, 
in  many  groups  of  animals  the  males  alone  are  furnished  with 
weapons,  or  are  ornamented  with  gay  colours ;  and  these 
characters  manifestly  stand  in  some  sort  of  correlation  with 
the  male  reproductive  organs,  for  when  the  latter  are  de- 
stroyed these  characters  disappear.  But  it  was  shown  in  the 
twelfth  chapter  that  the  very  same  peculiarity  may  become 
attached  at  any  age  to  either  sex,  and  afterwards  be  exclu- 
sively transmitted  to  the  same  sex  at  a  corresponding  age. 
In  these  cases  we  have  inheritance  limited  by  both  sex  and 
age ;  but  wo  have  no  reason  for  supposing  that  the  original 
cause  of  the  variation  was  necessarily  connected  with  the 
reproductive  organs,  or  with  the  age  of  the  affected  being. 

In  cases  of  true  correlated  variation,  we  are  sometimes  able 
to  see  the  nature  of  the  connection ;  but  in  most  cases  it  is 
hidden  from  us,  and  certainly  diflfers  in  different  cases.  We 
can  seldom  say  which  of  two  correlated  parts  first  varies, 
and  induces  a  change  in  the  other ;  or  whether  the  two  are 
the  effects  of  some  common  cause.  Correlated  variation  is 
an  important  subject  for  us ;  for  when  one  part  is  modified 
through  continued  selection,  either  by  man  or  under  nature, 
other  parts  of  the  organisation  will  be  unavoidably  modified. 
From  this  correlation  it  ai)parently  follows  that  with  our 
domesticated  animals  and  plants,  varieties  rarely  or  never 
differ  from  one  another  by  a  single  character  alone. 

One  of  the  simplest  cases  of  correlation  is  that  a  modification 
which  arises  during  an  early  stage  of  growth  tends  to  influ- 
ence the  Bubse(iucnt  development  of  the  same  part,  as  well  as  of 
other  and  intimately  connected  parts.  Isidore  Geoffrey  Saint- 
llilairo  states  ^  that  this-  may  constantly  be  observed  with 
monstrosities  in  the  animal  kingdom  ;  and  Moquin-Tandon  ^ 
remarks,  that,  as  with  plants  the  axis  cannot  become  mon- 
strous without  in  someway  affecting  the  organs  subsequently 
produced   from   it,   so    axial   anomalies   are   almost   always 

*  *IIist.  dos  Anomalies,'  torn.  iii.  p.  on  the  Morpholojxy  of  the  Cophnlous 

:J02.     Prof.  iJ II X ley  applies  the  same  Mollusca,  in   *  I'hil.  Transact.,     1853, 

principle   in  accounting   for    the    re-  p.  50. 

markable,  though  normal,  differences  '  *  Elements  de  Teratologic  Veg., 

in   the  arrangement  of  the   nervous  1841,  p.     13. 
^ystem  in  the  Mollusca,  in  his  paper 
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accompanied  by  deviations  of  structure  in  the  appended  parts. 
AVe  shall  presently  see  that  with  short-muzzled  races  of  the 
dog  certain  histological  changes  in  the  basal  elements  of  the 
bone43  arrest  their  development  and  shorten  them,  and  this 
affects  the  position  of  the  subsequently  developed  molar  teeth. 
It  is  probable  that  certain  modifications  in  the  larvsd  of 
insects  would  affect  the  structure  of  the  mature  insects.  But 
wo  must  be  careful  not  to  extend  this  view  too^'far,  for 
during  the  normal  course  of  development,  certain  species  pass 
tlirough  an  extraordinary  course  of  change,  whilst  other  and 
closely  allied  species  arrive  at  maturity  with  little  change 
of  structure. 

Another  simple  case  of  correlation  is  that  with  the  increased 
or  decreased  dimensions  of  the  whole  body,  or  of  any  parti- 
cular part,  certain  organs  are  increased  or  diminished  in 
number,  or  are  otherwise  modified.  Thus  pigeon-fanciers  have 
gone  on  selecting  pouters  for  length  of  body,  and  we  have 
seen  that  their  vertebrae  are  generally  increased  not  only  in 
size  but  in  number,  and  their  ribs  in  breadth.  Tumblers  have 
been  selected  for  their  small  bodies,  and  their  ribs  and  primary 
wing- feathers  are  generally  lessened  in  number.  Fan  tails  have 
been  selected  for  their  large  widely-expanded  tails,  with  nu- 
merous tail-feathers,  and  the  caudal  vertebrai  are  increased  in 
size  and  number.  Gamers  have  been  selected  for  length  of 
beak,  and  their  tongues  have  become  longer,  but  not  in  strict 
accordance  with  the  length  of  beak.  In  this  latter  breed  and 
in  others  having  large  feet,  the  number  of  the  scutellaj  on  the 
toes  is  greater  than  in  the  breeds  with  small  feet.  Many 
Kimilar  cases  could  be  given.  In  Germany  it  has  been 
observed  that  the  period  of  gestation  is  longer  in  large  than 
in  small  breeds  of  cattle.  AVith  our  highly-improved 
breeds  of  all  kinds,  the  periods  of  maturity  and  of  repro- 
duction have  advanced  with  respect  to  the  ago  of  the 
animal;  and,  in  correspondence  with  this,  the  teeth  are 
now  developed  earlier  than  formerly,  so  that,  to  the  surprise 
of  agriculturists,  the  ancient  rules  for  judging  of  the  age  of 
an  animal  by  the  state  of  its  teeth  are  no  longer  trustworthy.^ 

'  Prof.  J.  B.  Simonds,  on  the  Age  of  the  Ox,  Sheep,  4:c.,  quoted  in  *Gard. 
rhronicle,'  185*,  p.  588. 
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Correlated  Variation  of  Homologous  Parts. — Parts  which  are 
homologous  tend  to  vary  in  the  same  manner;  and  this  is 
what  might  have  been  expected,  for  such  parts  are  identical 
in  form  and  structure  during  an  early  period  of  embryonic 
development,  and  are  exposed  in  the  egg  or  womb  to  similar 
conditions.  The  symmetry,  in  most  kinds  of  animals,  of  the 
corresponding  or  homologous  organs  on  the  right  and  left 
sides  oPthe  body,  is  the  simplest  case  in  point;  but  this 
symmetry  sometimes  fails,  as  with  rabbits  having  only  one 
ear,  or  stags  with  one  hom,  or  with  many-homed  sheep 
which  sometimes  carry  an  additional  hom  on  one  side  of  their 
heads.  With  flowers  which  have  regular  corollas,  all  the  petals 
generally  vary  in  the  same  manner,  as  we  see  in  the  com- 
plicated and  symmetrical  pattern,  on  the  flowers,  for  instance, 
of  the  Chinese  pink ;  but  with  irregular  flowers,  though  the 
petals  are  of  course  homologous,  this  83*mmetry  often  fails, 
as  with  the  varieties  of  the  Antirrhinum  or  snapdragon,  or 
that  variety  of  the  kidney-bean  (Phaseolus)  which  has  a 
white  standard-i)etal. 

In  the  Vertebra ta  the  front  and  hind  limbs  are  homologous, 
and  they  t«nd  to  vary  in  the  same  manner,  as  we  see  in  long 
and  short  legged,  or  in  thick  and  thin  legged  races  of  the 
horse  and  dog.  Isidore  Geoffrey  *  has  remarked  on  the  ten- 
dency of  supernumerary  digits  in  man  to  appear,  not  only  on 
the  right  and  left  sides,  but  on  the  upper  and  lower  extremi- 
ties. Meckel  has  insisted  *  that,  when  the  muscles  of  the  arm 
depart  in  number  or  arrangement  from  their  proper  type,  they 
almost  always  imitate  those  of  the  leg ;  and  so  conversely  the 
varying  muscles  of  the  leg  imitate  the  normal  muscles  of  tlio 
arm. 

In  several  distinct  breeds  of  the  pigeon  and  fowl,  the  legs 
and  the  two  outer  toes  are  heavily  feathered,  so  that  in  the 
trumpeter  pigeon  they  appear  like  little  wings.  In  the 
feather-legged  bantam  the  **  boots"  or  feathers,  which  grow  from 
the  outside  of  the  leg  and  generally  from  the  two  outer  toes, 
have,  according  to   the  excellent  authority  of  Mr.  Hewitt,^ 

*  *  Hist,  des  Anomalies,*  torn.  i.  p.       torn.  i.  p.  635. 

874.  •  *The   Poultry  Book,'  hv  W.  B. 

*  Quoted   by  laid.  Geoffrey,  ibid.,       Tegetmeier,  1866,  p.  250. 
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been  seen  to  exceed  the  wing-feathers  in  length,  and  in  one 
case  were  actually  nine  and  a  half  inches  long!  As  Mr. 
Blyth  has  remarked  to  me,  these  leg-feathers  resemble  the 
primary  wing-feathers,  and  are  totally  unlike  the  fine  down 
which  naturally  grows  on  the  legs  of  some  birds,  such  as 
grouse  and  owls.  Hence  it  may  bo  suspected  that  excess  of 
food  has  first  given  redundancy  to  the  plumage,  and  then 
that  the  law  of  homologous  variation  has  led  to  the  develop- 
ment of  feathers  on  the  legs,  in  a  position  corresponding  with 
those  on  the  wing,  namely,  on  the  outside  of  the  tarsi  and 
toes.  I  am  strengthened  in  this  belief  by  the  following 
curious  case  of  correlation,  which  for  a  long  time  seemed  to 
me  utterly  inexplicable,  namely,  that  in  pigeons  of  any  breed, 
if  the  legs  are  feathered,  the  two  outer  toes  are  partially 
connected  by  skin.  These  two  outer  toes  correspond  with 
our  third  and  fourth  toes.^  Now,  in  the  wing  of  the  pigeon 
or  of  any  other  bird,  the  first  and  fifth  digits  are  aborted ;  the 
second  is  rudimentary  and  carries  the  so-called  **  bastard- 
wing  ;"  whilst  the  third  and  fourth  digits  are  completely  united 
and  enclosed  by  skin,  together  forming  the  extremity  of  the 
wing.  So  that  in  feather-footed  pigeons,  not  only  does  the 
exterior  surface  support  a  row  of  long  feathers,  like  wing- 
feathers,  but  the  very  same  digits  which  in  the  ^ving  are 
completely  united  by  skin  become  partially  united  by  skin  in 
the  feet ;  and  thus  by  the  law  of  the  correlated  variation  of 
homologous  parts  we  can  understand  the  curious  connection 
of  feathered  legs  and  membrane  between  the  two  outer  toes. 

Andrew  Knight  ^  has  remarked  that  the  face  or  head  and 
the  limbs  usually  vary  together  in  general  proportions. 
Compare,  for  inst^ince,  the  limbs  of  a  dray  and  race  horse,  or 
of  a  greyhound  and  mastiff.  AVhat  a  monster  a  greyhound 
would  appear  with  the  head  of  a  mastift'!  The  modem 
bulldog,  however,  has  fine  limbs,  but  this  is  a  recently-selected 
character.      From   the    measurements   given   in   the    sixth 

'  Nntaralists    diffor    with    respect  Lyceum  of  Nat.  Hist,  of  New  York,* 

to    the   homologies  of  the   digits  of  vol.  x.,  1872,  p.  ll>. 

birds ;    but  several  uphold  the  view  •  A.    Walker    on     Intermarrir.ge, 

above  advanced.     iStV  on  this  subject  1838,  p.  160. 
Dr.  K.  S.  Morse   in  'Annals  of  the 
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chaptei-,  we  eee  that  in  several  breoda  uf  the  |>igoon  the  length 
of  the  beak  and  tlto  size  of  the  feet  are  correlated.  The  view 
which,  08  before  explained,  eeeme  the  most  probable  in,  thai 
dtsUBo  in  all  cases  tends  to  diminish  the  feet,  tho  beak 
becoming  at  the  same  time  shorter  through  correlation  ; 
that  in  some  fitw  breeds  in  which  length  of  beak  hae  be«n 
selected  point,  the  feet,  notwithstanding  disuse,  have  ' 
in  size  through  correlation.  In  tho  following  case  s 
of  correlation  is  seen  to  exist  between  the  feet  and  beak : 
several  specimens  have  been  sent  to  Mr.  Unrtlctt  at  diBereut 
times,  as  hybrids  betwocn  ducks  and  fowls,  and  I  have 
one  :  these  were,  as  might  be  expecl«d.  ordinary  ducks 
semi-monstrous  condition,  and  in  all  of  them  the  swimmii  _ 
web  between  the  toes  was  quite  deficient  or  much  reduced^' 
und  in  all  the  beak  was  narrow  and  ill-shaped. 

With  the  increased  length  of  the  Ix^ak  in  pigeons,  not 
the  tongue  increases  in  length,  but  likewise  the  orifice  of 
nostrils.      But  the    iuoreasod  length  of  the  orifico  of  thftl 
nostrils  perhaps  standu  in  closer  correlation  with  tho  dorolt 
ment  of  the  corrugated  akin  or  wattle  at  tho  base  of  tb9 
for  when  there  is  much  wattle  round  tho  eyes,  the  eyelids 
greatly  increased  or  even  doubled  in  length. 

There  is  apparently  some  correlation  even  in  colour  betwoM^i 
tho  head  and  the  extremities.  Thus  with  horses  a  large  whits' 
star  or  bluEe  on  the  forehead  is  generally  accompanied  by  white 
feet.*  ^Vith  white  rabbits  and  cattle,  dark  marks  oftt^n 
co-exist  on  tho  ti]>s  uf  the  ears  and  on  the  feet.  In  black 
and  tau  dogs  of  dificrent  breeds,  tan-coloured  spots  over  iiis^ 
eyes  and  tan-coloured  feet  almost  invariably  go  togcl 
These  latter  cases  of  connected  colouring  mny  bo  dne 
to  revei"sioii  or  to  analogous  variation. — subjects  to  ■« 
shall  bercaftt^r  roinni, — but  this  docs  not  necessarily  delermi 
the  question  of  their  original  correlation.  Mr.  H.  W.  Jacl 
informs  me  that  he  has  observed  many  hundred  whittv-fuol 
cats,  and  he  finds  that  all  are  more  or  less  conspicuous]' 
marked  with  white  on  the  front  of  the  neck  or  cliost. 


beak 


black 
uoudy^^^' 

.Vhilf 

J 
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The  lopping  forwards  and  downwards  of  the  immense  ears 
jf  fancy  ^rabbits  seems  partly  due  to  the  disuse  of  the  muscles, 
and  partly  to  the  weight  and  length  of  the  ears,  which  have 
been  increased  by  selection  during  many  generations.  Now, 
with  the  increased  size  and  changed  direction  of  the  ears  not 
only  has  the  bony  auditory  meatus  become  changed  in  outline, 
direction,  and  greatly  in  size,  but  the  whole  skull  has  been 
slightly  modified.  This  could  be  clearly  seen  in  "  half-lops  " 
— that  is,  in  rabbits  with  only  one  ear  lopping  forward — for 
the  opposite  sides  of  their  skulls  were  not  strictly  symmetrical. 
This  seems  to  me  a  curious  instance  of  correlation,  between 
hard  bones  and  organs  so  soft  and  flexible,  as  well  as  so 
unimportant  under  a  physiological  point  of  view,  as  the 
external  ears.  The  result  no  doubt  is  largely  due  to  mere 
mechanical  action,  that  is,  to  the  weight  of  the  ears,  on  the 
same  principle  that  the  skull  of  a  human  infant  is  easily 
modified  by  pressure. 

The  skin  and  the  appendages  of  hair,  feathers,  hoofs,  horns, 
and  teeth,  are  homologous  over  the  whole  body.  Every  one 
knows  that  the  colour  of  the  skin  and  that  of  the  hair  usually 
vary  together;  so  that  Virgil  advises  the  shepherd  to  look 
whether  the  mouth  and  tongue  of  the  ram  are  black,  lest  the 
lambs  should  not  be  purely  white.  The  colour  of  the  skin 
and  hair,  and  the  odour  emitted  by  the  glands  of  the  skin, 
are  said  ^°  to  be  connected,  even  in  the  same  race  of  men. 
Generally  the  hair  varies  in  the  same  way  all  over  the  body 
in  length,  fineness,  and  curliness.  The  same  rule  holds  good 
with  feathers,  as  we  see  with  the  laced  and  frizzled  breeds 
both  of  fowls  and  pigeons.  In  the  common  cock  the  feathers 
on  the  neck  and  loins  are  always  of  a  particular  shape,  called 
hackles :  now  in  the  Polish  breed,  both  sexes  are  characterised 
by  a  tuft  of  feathers  on  the  head,  and  through  correlation 
these  feathers  in  the  male  always  assume  the  form  of  hackles. 
The  wing  and  tail-feathers,  though  arising  from  parts  not 
homologous,  vary  in  length  together ;  so  that  long  or  short 
winged  pigeons  generally  liave  long  or  short  tails.  The  case 
of  the  Jacobin-pigeon  is  more  curious,  for  the  wing  and  tail 
feathers  are  remarkably  long ;  and  this  apparently  has  arisen 

*•  G«>dron,  *  Sur  TUsp^,*  torn.  ii.  p.  217. 
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in  correlation  witli  the  elongated  and  reversed  feathers  on  the 
back  of  the  neck,  which  form  the  hood. 

The  hoofs  and  hair  are  homologous  appendages;  and  a 
careful  observer,  namely  Azara,V  states  that  in  Paraguay 
horses  of  various  colours  are  often  bom  with  their  hair  curled 
and  twisted  like  that  on  the  head  of  a  negro.  This  peculiarity 
is  strongly  inherited.  But  what  is  remarkable  is  that  the 
hoofs  of  these  horses  "  are  absolutely  like  those  of  a  mule." 
The  hair  also  of  their  manes  and  tails  is  invariably  much 
shorter  than  usual,  being  only  from  four  to  twelve  inches  in 
length ;  so  that  curliness  and  shortness  of  the  hair  are  here, 
as  with  the  negro,  apparently  correlated. 

With  respect  to  the  horns  of  sheep,  Youatt  *^  remarks  that 
'*  multiplicity  of  horns  is  not  found  in  any  breed  of  much  value; 
"  it  is  generally  accompanied  by  great  length  and  coarseness 
"  of  the  fleece."  Several  tropical  breeds  of  sheep  which  are 
clothed  with  hair  instead  of  wool,  have  horns  almost  like 
those  of  a  goat.  Sturm  ^^  expressly  declares  that  in  different 
races  the  more  the  wool  is  curled  the  more  the  horns  are 
spirally  twisted.  We  have  seen  in  the  third  chapter,  where 
other  analogous  facts  have  been  given,  tliat  the  parent  of  the 
Mauchamp  breed,  so  famous  for  its  fleece,  had  peculiarly 
shaped  horns.  The  inhabitants  of  Angora  assert  ^*  that  **  only 
**  the  white  goats  which  have  horns  wear  the  fleece  in  the 
"  long  curly  locks  that  are  so  much  admired ;  those  which 
"  are  not  honied  having  a  comparatively  close  coat."  From 
these  cases  we  may  infer  that  the  hair  or  wool  and  the  horns 
tend  to  vary  in  a  correlated  manner.^*  Those  who  have  trie<l 
hydropathy  are  aware  that  the  frequent  application  of  cold 
water  stimulates  the  skin  ;  and  whatever  stimulates  the  skin 


"  *Quadru|)^Jcs  du  Paraguay,* 
toin.  ii.  p.  333. 

"  On  Sheep,  p.  142. 

*'  *  Ueber  Kacen,  KrcuzuDgeD,'&('., 
1825,  s.  24. 

"  Quote  1  from  Conolly,  in  *The 
Indian  Field,'  Feb.  18o9,  v<d.  ii.  p. 
266. 

**  In  the  third  chapter  I  have  sail 
that "  the  hair  and  horns  are  so  close- 
ly related  to  each  other,  that  they  arc 


apt  to  vary  together."  Dr.  Wilckens 
("Darwin's  Thcorio,*'  *Jahrbuch 
dcr  Dcutschen  Vichzurht/  1866,  1. 
Heft)  translates  my  words  into  "  lang- 
und  |;robhaarige  Thiere  sollen  go- 
neigter  sein,  lange  und  riele  Homer 
7Ai  bekomraen,"  and  he  then  justly 
disputes  this  proposition  ;  but  what  1 
have  really  said,  in  accordance  with 
the  authorities  just  quoted,  may,  I 
think,  be  trusted. 
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tends  to  increadse  the  gi'owth  of  the  hair,  as  is  well  shown  in 
the  abnormal  growth  of  hair  near  old  inflamed  surfaces. 
Now,  Professor  Low^*  is  convinced  that  with  the  diflferent 
races  of  British  cattle  thick  skin  and  long  hair  depend  on 
the  humidity  of  the  climate  which  they  inhabit.  We  can 
thus  see  how  a  humid  climate  might  act  on  the  horns — in  the 
first  place  directly  on  the  skin  and  hair,  and  secondly  by 
correlation  on  the  horns.  The  presence  or  absence  of  horns, 
moreover,  both  in  the  case  of  sheep  and  cattle,  acts,  as  will 
presently  be  shown,  by  some  sort  of  correlation  on  the  skull. 
With  respect  to  hair  and  teeth,  Mr.  Yarrell  ^^  found  many 
of  the  teeth  deficient  in  three  hairless  "  Egyptian  dogs,"  and 
in  a  hairless  terrier.  The  incisors,  canines,  and  the  premolars 
suffered  most,  but  in  one  case  all  the  teeth,  except^thojajiga— 
tubercular  molar  on  each  side,  were  deficient.  With  man 
several  striking  cases  have  been  recorded  ^^  of  inherited  bald- 
ness with  inherited  deficiency,  either  complete  or  partial,  of 
the  teeth.  I  may  give  an  analogous  case,  communicated  to  me 
by  Mr.  AV.  Wcdderbum,  of  a  Hindoo  family  in  Scinde,  in  which 
ton  men,  in  the  course  of  four  generations,  were  furnished,  in 
both  jaws  taken  together,  with  only  four  small  and  weak 
incisor  teeth  and  with  eight  posterior  molars.  The  men  thus 
affected  have  very  little  hair  on  the  body,  and  become  bald 
early  in  life.  They  also  suffer  much  during  hot  weather  from 
excessive  dryness  of  4.ho  skin.  /It  is  remarkable  that  no 
instance  has  occurred  of  a  daughter  being  thus  affected  ;  and 
tliis  fact  reminds  us  how  much  more  liable  men  are  in  England 
to  Ixjcome  bald  than  women,  f  Though  the  daughters  in  the 
alK)ve  family  are  never  affected,  they  transmit  the  tendency 
to  their  sons  ;  and  no  case  has  occurred  of  a  son  transmitting 
it  to  his  sonsj  The  affection  thus  appears  only  in  alternate 
generations,  or  after  longer  intervals.  There  is  a  similar  con- 
nection between  hair  and  teeth,  according  to  Mr.  Sedgwick, 

'•  ♦  Domesticated  Animals  of  the  "  *  Proceedings  Zoolog.  Soc.,*  1833, 

British  Islands/   pp.  307,  368.      Dr.  p.  113. 

Wilckcns   arj^ues   ('  Landwirth.    Wo-  '•  Sedgwick,    *  Brit,    and    Fortigtr 

chenblatt,'  Nr.  10,  1869)  to  the  same  Medico-Chirurg.  Review,*  April,  1863, 

t'tfect  with  respect  to  domestic  animals  p.  453. 
in  Germany. 
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in  those  rare  cases  in  which  the  hair  has  been  renewed  in  old 
age,  for  this  has  "  usually  been  accompanied  by  a  renewal  of 
the  teeth."  I  have  remarked  in  a  former  part  of  this  Tolumo 
that  the  great  reduction  in  the  size  of  the  tusks  in  domestic 
boars  probably  stands  in  close  relation  with  their  diminished 
bristles,  due  to  a  certain  amount  of  protection  ;  and  that  the 
reappearance  of  the  tusks  in  boars,  which  have  become  feral 
and  are  fully  exposed  to  the  weather,  probably  depends  on  the 
reappearance  of  the  bristles.  I  may  add,  though  not  strictly 
connected  with  our  present  point,  that  an  agriculturist"' 
asserts  that  '*  pigs  with  little  hair  on  their  bodies  are  most 
"  liable  to  lose    their    tails,  showing    a    weakness   of  the 

tegumental  structure.     It  may  be  prevented  by  crossing 

with  a  more  hairy  breed." 

In  the  previous  cases  deficient  hair,  and  teeth  deficient  in 
number  or  size,  are  apparently  connected.  In  the  following 
cases  abnormally  redundant  hair,  and  teeth  either  deficient  or 
redundant,  are  likewise  connected.  Mr.  Crawfurd  ^°  saw  at 
the  Burmese  Court  a  man,  thirty  years  old,  with  his  whole 
body,  except  the  hands  and  feet,  covered  with  straight  silky 
hair,  which  on  the  shoulders  and  spine  was  five  inches  in 
length.  At  birth  the  ears  alone  were  covered.  He  did  not 
arrive  at  puberty,  or  shod  his  milk  teeth,  until  twenty  years 
old;  and  at  this  period  he  acquired  five  teeth  in  the  upper  jaw, 
namely,  four  incisors  and  one  canine,  and  four  incisor  teeth  in 
the  lower  jaw ;  all  the  teeth  were  small.  This  man  had  a 
daughter  who  was  born  with  hair  within  her  ears ;  and  the 
hair  soon  extended  over  her  body.  AVlicn  Captain  Yule^^ 
visited  the  Court,  ho  found  this  girl  grown  up;  and  she 
presented  a  strange  appearance  with  even  her  nose  densely 
covered  with  soft  hair.  Like  her  father,  she  was  furnished 
with  incisor  teeth  alone.  The  King  had  with  difficulty 
bribed  a  man  to  marry  her,  and  of  her  two  children,  one,  a 
lK)y  fourteen  months  old,  had  hair  gro^^^ng  out  of  his  cars, 
with  a  beard  and  moustache.  This  strange  peculiarity  has, 
therefore,   been  inherited   for   three   generations,   with   the 

"  *Gard.  Chronicle/  1849,  p.  203.  *>  'Narrative  of  a  Misuion  to  the 

*•  *  Embassy  to  the  Court  ol*  Ava,*       Court  of  Ava  in  1855,*  p.  94. 
rol.  i.  p.  320. 
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molar  teeth  deficient  in  the  grandfather  and  mother ;  whether 
these  teeth  would  likewise  fail  in  the  infant  could  not  then 
be  told. 

A  parallel  case  of  a  man  fifty-five  years  old,  and  of  his  son, 
with  their  faces  covered  with  hair,  has  recently  occurred  in 
Eussia.  Dr.  Alex.  Brandt  has  sent  me  an  account  of  this 
case,  together  with  specimens  of  the  extremely  fine  hair 
from  the  cheeks.  The  man  is  deficient  in  teeth,  possessing 
only  four  incisors  in  the  lower  and  two  in  the  upper  jaw. 
His  son,  about  three  years  old,  has  no  teeth  except  four 
lower  incisors.  The  case,  as  Dr.  Brandt  remarks  in  his  letter, 
no  doubt  is  due  to  an  arrest  of  development  in  the  hair  and 
teeth.  We  hero  see  how  independent  of  the  ordinary  con- 
ditions of  existence  such  arrests  must  be,  for  the  lives  of  a 
Eussian  peasant  and  of  a  native  of  Burmah  are  as  different 
as  possible.^^ 

Here  is  another  and  somewhat  different  case  communicated 
to  me  by  Mr.  Wallace  on  the  authority  of  Dr.  Purland,  a 
dentist :  Julia  Pastrana,  a  Spanish  dancer,  was  a  remarkably 
fine  woman,  but  she  had  a  thick  masculine  beard  and  a 
hairy  forehead ;  she  was  photographed,  and  her  stuffed  skin 
was  exhibited  as  a  show;  but  what  concerns  \\a  is,  that  she 
had  in  both  the  upper  and  lower  jaw  an  irregular  double  set 
of  teeth,  one  row  being  placed  within  the  other,  of  which  Dr. 
Purland  took  a  cast.  From  the  redundancy  of  teeth  her 
mouth  projected,  and  her  face  had  a  gorilla-like  appearance. 
These  cases  and  those  of  the  hairless  dogs  forcibly  call  to 
mind  the  fact,  that  the  two  orders  of  mammals —namely,  the 
Edentata  and  Cetacea — which  are  the  most  abnormal  in  their 
dermal  covering,  are  likewise  the  most  abnormal  either  by 
deficiency  or  redundancy  of  teeth. 

1'he  organs  of  sight  and  hearing  are  generally  admitted  to 
bo  homologous  with  one  another  and  with  various  dermal 
appendages ;  hence  these  parts  are  liable  to  be  abnormally 
affected  in  conjunction.  Mr.  White  Cowper  says  "  that  in  all 
**  cases  of  double  microphthalmia  brought  under  his  notice  he 

"  I  owe   to   the   kindness   of  M.       both  of  whom  hare  since   been  cx- 
Chauman,  of  St.  Petersburg,  excellent       hibited  in  Paris  and  London, 
photographs  of  this  man  and  his  son, 
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"  has  at  the  same  time  met  with  defective  development  of 
"  the  dental  system."  Certain  forms  of  blindness  seem  to  be 
associated  with  the  colour  of  the  hair ;  a  man  with  black 
hair  and  a  woman  with  light-coloured  hair,  both  of  sound 
constitution,  married  and  had  nine  children,  all  of  whom 
wore  born  blind ;  of  these  children,  five  "  with  dark  hair 
"  and  brown  iris  were  afflicted  with  amaurosis ;  the  four 
"  others,  with  light-coloured  hair  and  blue  iris,  had  amaurosis 
"  and  cataract  conjoined."  Several  cases  could  be  given, 
showing  that  some  relation  exists  between  various  affections 
of  the  eyes  and  ears;  thus  Liebreich  states  that  out  of  241 
deaf-mutes  in  Berlin,  no  less  than  fourteen  suffered  from  the 
rare  disease  called  pigmentary  retinitis.  Mr.  White  Cowpcr 
and  Dr.  Earle  have  remarked  that  inability  to  distinguish 
different  colours,  or  colour-blindness,  **  is  often  associated 
**  with  a  corresponding  inability  to  distinguish  musical 
•*  sounds."  23 

Hero  is  a  more  curious  case :  white  cats,  if  they  have  blue 
eyes,  are  almost  always  deaf.  I  formerly  thought  that  the 
rule  was  invariable,  but  I  have  heard  of  a  few  authentic  ex- 
ceptions. The  first  two  notices  were  published  in  1829,  and 
relate  to  English  and  Persian  cats  :  of  the  latter,  the  Kev.  W. 
T.  Bree  possessed  a  female,  and  he  states,  "  that  of  the  offspring 
**  produced  at  one  and  the  same  birth,  such  as,  like  the  mother, 
were  entirely  white  (with  blue  eyes)  were,  like  her,  invari- 
ably deaf ;  while  those  that  had  the  least  speck  of  colour  on 
their  fur,  as  invariably  possessed  the  usual  faculty  of 
hearing."  2*  The  Rev.  W.  Darwin  Fox  informs  me  that  ho 
has  seen  more  than  a  dozen  instjinccs  of  this  correlation  in 
English,  Tersian,  and  Danish  cats ;  but  he  adds  "  that,  if  one 
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"  These  statements  are  taken 
from  Mr.  Sedgwick,  in  the  *  Medico- 
Chirurg.  Review,*  Julv,  1861,  p. 
198;  April,  1863,  pp.  455  and  458. 
Liebreich  is  quoted  by  I'rofessor 
Devav,  in  his  *  Mariagcs  Cunsan- 
guinsV  1862,  p.  110. 

**  Loudon's  *Mag.  of  Nat.  Ilist.,' 
vol.  i.,  1829,  pp.  66,  178.  &v  also 
Dr.  P.  Lucas,  *  L*H^r^.  Nat.,*  torn.  i. 
p.  428,  on  the  inheritance  of  deafness 


in  cats.  Mr.  Lawson  Tait  states 
('Nature,'  1873,  p.  323)  that  only 
male  cats  are  thus  afl'ected  ;  but  this 
must  be  a  hasty  generiUisation.  The 
first  case  recorded  in  Kngiond  by  Mr. 
Bree  related  to  a  female,  and  Mr. 
Fox  informs  me  that  he  has  bred 
kittens  frum  a  white  female  with 
blue  eyes,  which  was  completely  deaf; 
he  has  also  observed  other  females  in 
the  same  condition. 
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"  eyo,  as  I  have  several  times  observed,  be  not  blue,  the  cat 
"  hears.  On  the  other  hand,  I  have  never  seen  a  white  cat 
"  with  eyes  of  the  common  colour  that  was  deaf."  In  France 
Dr.  Sicliel  ^^  has  observed  during  twenty  years  similar  facts ; 
he  adds  the  remarkable  case  of  the  iris  beginning,  at  the  end 
of  four  months,  to  grow  dark-coloured,  and  then  the  cat  first 
began  to  hear. 

This  case  of  correlation  in  cats  has  struck  many  persons 
as  marvellous.  There  is  nothing  unusual  in  the  relation  be- 
tween blue  eyes  and  white  fur;  and  we  have  already  seen 
that  the  organs  of  sight  and  hearing  are  often  simultaneously 
affected.  In  the  present  instance  the  cause  probably  lies  in 
a  slight  arrest  of  development  in  the  nervous  system  in  con- 
nection with  the  sense-organs.  Kittens  during  the  first  nine 
days,  whilst  their  eyes  are  closed,  appear  to  be  completely 
deaf ;  I  have  made  a  great  clanging  noise  with  a  poker  and 
shovel  close  to  their  heads,  both  when  they  were  asleep  and 
awake,  without  producing  any  effect.  The  trial  must  not 
be  made  by  shouting  close  to  their  ears,  for  they  are,  even 
when  asleep,  extremely  sensitive  to  a  breath  of  air.  Now,  as 
long  as  the  eyes  continue  closed,  the  iris  is  no  doubt  blue, 
for  in  all  the  kittens  which  I  have  seen  this  colour  retnains 
for  some  time  after  the  eyelids  open.  Hence,  if  we  suppose 
the  development  of  the  organs  of  sight  and  hearing  to  be 
arrested  at  the  stage  of  the  closed  eyelids,  the  eyes  would 
remain  permanently  blue  and  the  ears  would  be  incapable  of 
perceiving  sound ;  and  we  should  thus  understand  this  curious 
case.  As,  however,  the  colour  of  the  fur  is  determined  long 
before  birth,  and  as  the  blueness  of  the  eyes  and  the  whiteness 
of  the  fur  are  obviously  connected,  we  must  believe  that  some 
primary  cause  acts  at  a  much  earlier  period. 

The  instances  of  correlated  variability  hitherto  given  have 
been  chiefly  drawn  from  the  animal  kingdom,  and  we  will 
now  turn  to  plants.  Leaves,  sepals,  petals,  stamens,  and 
])istil8  are  all  homologous.  In  double  flowers  we  see  that 
tiie  stamens  and  pistils  vary  in  the  same  manner,  and  assume 
tiie  form  and  colour  of  the  petals.  In  the  double  columbine 
{Aquilegia  vulgaris),  the  successive  whorls  of  stamens  are  con- 

•'  *  Annales  de«  Sc.  >fat/  Zoolog.,  3rd  scrie.%  1847,  torn.  viii.  p.  239. 
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verted  into  cornucopias,  which  are  enclosed  within  one  another 
and  resemble  the  true  petals.  In  hose-in-hoso  flowers  the 
sepals  mock  the  petals.  In  some  cases  the  flowers  and  leaves 
vary  together  in  tint :  in  all  the  varieties  of  the  common  pea, 
which  have  purple  flowers,  a  purple  mark  may  be  seen  on 
the  stipules. 

M.  Faivre  states  that  with  the  varieties  of  Primula  sinensis 
the  colour  of  the  flower  is  evidently  correlated  with  the  colour 
of  the  under  side  of  the  leaves ;  and  he  adds  that  the  varieties 
with  fimbriated  flowers  almost  always  have  voluminous, 
ballooli-like  calyces.^^  With  other  plants  the  leaves  and  fruit 
or  seeds  vary  together  in  colour,  as  in  a  curious  pale-leaved 
variety  of  the  sycamore,  which  has  recently  been  described  in 
France,^^  and  as  in  the  purple-leaved  hazel,  in  which  the  leaves, 
the  husk  of  the  nut,  and  the  pellicle  round  the  kernel  are  all 
coloured  purple.*^  Pomologists  can  predict  to  a  certain  extent, 
from  the  size  and  appearance  of  the  leaves  of  their  seedlings, 
the  probable  nature  of  the  fruit;  for,  as  Van  Mens  remarks,*^' 
variations  in  the  leaves  are  generally  accompanied  by  some 
modification  in  the  flower,  and  consequently  in  the  fruit.  In 
the  Serpent  melon,  which  has  a  narrow  tortuous  fruit  above  a 
yard  in  length,  the  stem  of  the  plant,  the  peduncle  of  tlio 
female  flower,  and  the  middle  lobe  of  the  leaf,  are  all  elon- 
gated in  a  remarkable  manner.  On  the  other  hand,  several 
varieties  of  Cucurbita,  wliich  have  dwarfed  stems,  all  pro- 
duce, as  Naudin  remarks,  leaves  of  the  same  peculiar  shape. 
Mr.  G.  Maw  informs  me  that  all  the  varieties  of  the  scarlet 
Pelargoniums  which  have  contracted  or  imperfect  leaves  have 
contracted  flowers :  the  difference  between  "  Brilliant "  and 
its  parent  **  Tom  Thumb  "  is  a  good  instance  of  this.  It  may 
be  suspected  that  the  curious  case  described  by  Eisso,^®  of  a 
variety  of  the  Orange  which  produces  on  the  young  shoots 
rounded  leaves  with  winged  petioles,  and  afterwards  elongated 
leaves  on  long  but  wingless  petioles,  is  connected  with  the 

• 

^  *•  'Revue   dc*  Cours  Scicntifiqucs,'  stances,  *  Des  Varictes,*  1865,  p.  72. 
June  5,  18G0,  p.  430.  "  'Arhros  Fruitiers,'  1830,  tona.  ii. 

"♦Gardener's    Chron.,*    18G4,    p.  pp.  204,  226. 
1202.  ■•  *  Annales  du  Mus^m,*  torn.  xi. 

"  Verlot    gives   several  other  in-  p.  188. 
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remarkable  changenn  form  and  nature  which  the  fruit  under- 
goes during  its  development. 

In  the  following  instance  we  have  the  colour  and  the  form 
of  the  petals  apparently  correlated,  and  both  dependent  on 
the  nature  of  the  season.  An  observer,  skilled  in  the  subject, 
>vrite8,^^  "  I  noticed,  during  the  year  1842,  that  every 
**  Dahlia  of  which  the  colour  had  any  tendency  to  scarlet, 
"  was  deeply  notched — indeed,  to  so  great  an  extent  as  to 
"  give  tlie  petals  the  appearance  of  a  saw ;  the  indentures 
**  were,  in  some  instances,  more  than  a  quarter  of  an  inch 
"  deep."  Again,  Dahlias  which  have  their  petals  tipped 
with  a  different  colour  from  the  rest  of  the  flower  are  very 
inconstant,  and  during  certain  years  some,  or  even  all  the 
flowers,  become  Tiniformly  coloured;  and  it  has  been  observed 
with  several  varieties,'^  that  when  this  happens  the  petals 
grow  much  elongated  and  lose  their  proper  shape.  This, 
however,  may  be  due  to  reversion,  both  in  colour  and  form, 
to  the  aboriginal  species. 

In  this  discussion  on  correlation,  we  have  hitherto  treated 
of  cases  in  which  w^e  can  partly  understand  the  bond  of 
connection;  but  I  will  now  give  cases  in  which  we  can- 
not even  conjecture,  or  can  only  very  obscurely  see,  the 
nature  of  the  bond.  Isidore  Geoflfroy  Saint- Hilaire,  in  his 
work  on  Monstrosities,  insists,  ^^  "  que  certaines  anomalies 
•*  coexistent  rarement  entr'elles,  d*autres  frequemment,  d'autres 
"  enfin  prcsque  constamment,  malgre  la  difference  tres-grande 
"  de  leur  nature,  et  quoiqu'elles  puissent  paraitre  complHement 
**  independaniea  les  unes  des  autrcs.'*  We  see  something 
analogous  in  certain  diseases :  thus  in  a  rare  affection  of  the 
renal  capsules  (of  which  the  functions  are  unknown),  the 
skin  becomes  bronzed ;  and  in  hereditary  syphilis,  as  I  hear 
from  Sir  J.  Paget,  both  the  milk  and  the  second  tect'i 
aHsumo  a  j)eculiar  and  characteristic  form.  Professor  Kol- 
leston,  also,  informs  me  that  the  incisor  teeth  are  sometimes 

"  *Ganloncr'i»    Chron.,'    1843,   p.  p.  402.     *^  also  M.  Camillc  DarMsto, 

877.  *  Rcchcrchcs  sur  les  Con'Utioij5','  &o^ 

"  Ibi.1.,  1845,  p.  102.  18GH,  pp.  10,  48. 
*'  *lii»t.  dcs  Anomalies,*  torn.  iii. 
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fumisbecl  with  a  vascular  rim  in  correlation  with  intra- 
pulmonary  deposition  of  tubercles.  Jn  other  cases  of  phthisis 
and  of  cyanosis  the  nails  and  finger-ends  become  clubbed  like 
acorns.  I  believe  that  no  explanation  has  been  oflfered  of 
these  and  of  many  other  cases  of  correlated  disease. 

What  can  bo  more  curious  and  less  intelligible  than  the 
fact  previously  given,  on  the  authority  of  Mr.  Tegetmeier, 
that  young  pigeons  of  all  breeds,  which  when  mature  have 
white,  yellow,  silver-blue,  or  dun-coloured  plumage,  come  out 
of  the  egg  almost  naked ;  whereas  pigeons  of  other  colours 
when  first  bom  are  clothed  with  plenty  of  down  ?  White 
Pea-fowls,  as  has  been  observed  both  in  England  and  France,^* 
and  as  I  have  myself  seen,  are  inferior  in  size  to  the  common 
coloured  kind;  and  this  cannot  bo  accounted  for  by  the 
belief  that  albinism  is  always  accompanied  by  constitutif»nal 
weakness;  for  white  or  albino  moles  are  generally  larger 
than  the  common  kind. 

To  turn  to  more  important  characters :  the  niata  cattle  of 
the  Pampas  are  remarkable  from  their  short  foreheads, 
upturned  muzzles,  and  curved  lower  jaws.  In  the  skull  tho 
nasal  and  premaxillary  bones  are  much  shortened,  the 
maxillaries  are  excluded  from  any  junction  with  the  nasals, 
and  all  the  bones  are  slightly  modified,  even  to  the  plane  of 
the  occiput.  From  the  analogous  case  of  the  dog,  hereafter 
to  be  given,  it  is  probable  that  the  shortening  of  the  nasal 
and  adjoining  bones  is  tho  proximate  cause  of  the  other 
modifications  in  the  skull,  including  the  upward  curvature 
of  the  lower  jaw,  though  wo  cannot  follow  out  the  stops  by 
which  these  changes  have  been  effected. 

Polish  fowls  have  a  large  tuft  of  feathers  on  their  hciids; 
and  their  skulls  are  perforated  by  numerous  holes,  so  that  a 
pin  can  be  driven  into  the  brain  without  touching  any  bone. 
ITiat  this  deficiency  of  bone  is  in  some  way  connected  with 
the  tuft  of  feathers  is  clear  from  tufted  ducks  and  geese 
likewise  having  perforated  skulls.  The  case  would  probably 
Ix)  considered  by  some  authors  as  one  of  balancement  or 
compensation.     In  the  chapter  on  Fowls,  I  have  shown  that 

■*  Rer.  E.  S.  Dixon,  *  Ornamental  Ocoffrov,  *  Hist.  Anomalies,'  torn.  i. 
Poultry,'    1848,     p.     Ill;     Isidore       p.  211.' 
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with  Polish  fowls  the  tuft  of  feathers  was  probably  at  first 
small;  by  continued  selection  it  became  larger,  and  then 
rested  on  a  fibrous  mass;  and  finally,  as  it  became  still 
larger,  the  skull  itself  became  more  and  more  protuberant 
until  it  acquired  its  present  extraordinary  structure.  Throngli 
correlation  with  the  protuberance  of  the  skull,  the  shape 
and  even  the  relative  connection  of  the  premaxillary  and 
nasal  bones,  the  shape  of  the  orifice  of  the  nostril",  the 
breadth  of  the  frontal  bone,  the  shape  of  the  post -lateral 
processes  of  the  frontal  and  squamosal  bones,  aad  the 
direction  of  the  bony  cavity  of  the  ear,  have  all  been 
modified.  The  internal  configuration  of  the  bkuU  and  the 
whole  shape  of  the  brain  have  likewise  been  altered  in  a 
truly  marvellous  manner. 

After  this  case  of  the  Polish  fowl  it  would  be  superfluous 
to  do  more  than  refer  to  the  details  previously  given  on  the 
manner  in  which  the  changed  form  of  the  comb  has  affected 
the  skull,  in  various  breeds  of  the  fowl,  causing  by  correlation 
crests,  protuberances,  and  depressions  on  its  surface. 

With  our  cattle  and  sheep  the  horns  stand  in  close  con- 
nection with  the  size  of  the  skull,  and  with  the  shape  of  the 
frontal  bones ;  thus  Clino^*  found  that  the  skull  of  a  homed 
ram  weighed  five  times  as  much  as  that  of  a  hornless  ram  of 
the  same  age.  When  cattle  become  hornless,  the  frontal 
bones  are  "  materially  diminished  in  breadth  towards  the 
*'  poll ; "  and  the  cavities  between  the  bony  plates  *'  are  not  so 
"  deep,  nor  do  they  extend  beyond  the  frontals.*'^^ 

It  may  be  well  here  to  pause  and  observe  how  the  effects  of 
correlated  variability,  of  the  increased  use  of  parts,  and  of  the 
accumulation  of  so-called  spontaneous  variations  tbrough 
natural  selection,  are  in  many  cases  inextricably  commingled. 
We  may  borrow  an'illustration  from  Mr.  Herbert  Spencer,  who 
remarks  that,  when  the  Irish  elk  acquired  its  gigantic  horns, 
weighing  above  one  hundred  pounds,  numerous  co-ordinated 
cliunges  of  structure  would  havel>een  indispensable, — namely, 
a  thickened  skull  to  carry  the  horns ;  strengthened  cervical 

•*  *  On  the  Breeding  of  Domestic  Animnls,*  1829,  f.  C. 
««  Youatt  on  Cattle,  18S4,  p.  283. 
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vertebraj,  with  strengthened  ligaments;  enlarged  dorsal 
vertebrre  to  support  the  nock,  with  powerful  fore-legs  and 
feet;  all  these  parts  being  supplied  with  proper  muscles, 
blood-vessels,  and  nerves.  How  then  could  these  admirably 
co-ordinated  modifications  of  structure  have  been  acquired? 
According  to  the  doctrine  which  I  maintain,  the  horns  of  the 
male  elk  were  slowly  gained  through  sexual  selection, — that 
is,  by  the  best-armed  males  conquering  the  worse-armed,  and 
leaving  a  greater  number  of  descendants.  But  it  is  not  at  all 
necessary  that  the  several  parts  of  the  body  should  have 
simultaneously  varied.  Each  stag  presents  individual  charac- 
teristics, and  in  the  same  district  those  which  had  slightly 
heavier  horns,  or  stronger  necks,  or  stronger  bodies,  or  were 
the  most  courageous,  would  secure  the  greater  number  of 
does,  and  consequently  have  a  greater  number  of  offspring. 
The  offspring  would  inherit,  in  a  greater  or  less  degree,  these 
same  qualities,  would  occasionally  intercross  with  one  another, 
or  with  other  individuals  varying  in  some  favourable  manner ; 
and  of  their  offspring,  those  which  were  the  best  endowed  iu 
any  respect  would  continue  multiplying ;  and  so  onwards, 
always  progressing,  sometimes  in  one  direction,  and  some- 
times in  another,  towards  the  excellently  co-ordinated  stmc- 
ture  of  the  male  elk.  To  make  this  clear,  let  us  reflect  on 
the  probable  steps,  as  shown  in  the  twentieth  chapter,  by 
which  our  race  and  dray  horses  have  arrived  at  their  present 
state  of  excellence;  if  we  could  view  the  whole  series  of 
intermediate  forms  between  one  of  these  animals  and  an  early 
unimproved  progenitor,  we  should  behold  a  vast  number  of 
animals,  not  equally  improved  in  each  generation  throughout 
their  entire  structure,  but  sometimes  a  little  more  in  one 
point,  and  sometimes  in  another,  yet  on  the  whole  gradually 
approaching  in  character  to  our  present  race  or  dray  horses, 
which  are  so  admirably  fitted  in  the  one  case  for  fleetnessand 
in  the  other  for  draught. 

Although  natural  selection  would  thus  ^^  tend  to  give  to 

•■^  Mr.  Herbert  Spencer  (*  Principles  "faculties  niultiplr,  anJ  as  fast   as 

of  Biology,*    1864,   vol.    i.    pp.   432,  **  the   number    of    organs    that   co- 

468)  takes  a  different  view^  and  in  one  "operate    in    any    given     function 

place  remarks :  "  We  have  seen  reason  "increases,      indirect     equilibration 

**  to  think  that,  as  fast  as  essential  ^*  through  natural  selection  ))ec)m<»4 
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tho  male  elk  its  present  structure,  yet  it  is  probable  that  the 
inherited  effects  of  use,  and  of  the  mutual  action  of  part  on 
part,  have  been  equally  or  more  important.  As  the  horns 
gradually  increased  in  weight  the  muscles  of  tho  neck,  with 
the  bones  to  which  they  are  attached,  would  increase  in  size 
and  strength ;  and  these  parts  would  react  on  tho  body  and 
legs.  Nor  must  we  overlook  the  fact  that  certain  parts  of 
the  skull  and  the  extremities  would,  judging  by  analogy, 
tend  from  the  first  to  vary  in  a  correlated  manner.  The 
increased  weight  of  the  horns  would  also  act  directly  on  tho 
skull,  in  the  same  manner  as  when  one  bone  is  removed  in 
the  leg  of  a  dog,  the  other  bone,  which  has  to  carry  the  whole 
weight  of  the  body,  increases  in  thickness.  But  from  the 
fact  given  with  respect  to  homed  and  hornless  cattle,  it  is 
probable  that  the  horns  and  skull  would  immediately  act  on 
each  other  through  the  principle  of  correlation.  Lastly,  the 
growth  and  subsequent  wear  and  tear  of  the  augmented 
muscles  and  bones  would  require  an  increased  supply  of 
blood,  and  consequently  increased  supply  of  food ;  and  this 
again  would  require  increased  powers  of  mastication,  diges- 
tion, respiration,  and  excretion. 

Colour  08  Correlated  with  Constitutional  Peculiarities. 

It  is  an  old  belief  that  with  man  there  is  a  connection 
between  complexions  and  constitution ;  and  I  find  that  some 
of  the  best  authorities  believe  in  this  to  tho  present  day.^® 
Thus  Dr.  Beddoo  by  his  tables  shows  ^'  that  a  relation  exists 
between  liability  to  consumption  and  the  colour  of  the  hair, 
eyes,  and  skin.  It  has  been  affirmed  *^  that,  in  the  French 
army  which  invaded  Ilussia,  soldiers  having  a  dark  complexion 
from  the  southern  parts  of  Euroix),  withstood  the  intense 


•*  less  and  less  capable  of  producing  onr    domcsticatei     quadrupeds    and 

**■  s}K;citic  adaptations  ;   and  remains  birds. 

**  fully  capable  only  of  maintaining  "  Dr.    Prosper    Lucas    apparently 

*Mhu  general  Btness  of  constitution  disbelieves    in  any   such  connection; 

"  to    conditions."      This  Jievr    that  *  L'Hered.  Nat./  torn.  ii.  pp.  88-94. 

natural    selection   can    do    little    in  **  *  British  Medical  Journal,'  18G2, 

iixxlifying   the   higher  animals  sur-  p.  43!). 

prises  me,  seeing  that  man's  selection  **  Boudin,    '  Qeograph.    Me<licale,' 

has  undoubtedly  effected  much  with  torn.  i.  p.  406. 
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cold  better  than  those  with  lighter  complexions  from   the 
north ;  but  no  doubt  such  statements  are  liable  to  error. 

In  the  second  chapter  on  Selection  I  have  given  several 
cases  proving  that  with  animals  and  plants  differences  in 
colour  are  correlated  with  constitutional  differences,  as  shown 
by  greater  or  less  immunity  from  certain  diseases,  from  the 
attacks  of  parasitic  plants  and  animals,  from  scorching  by  the 
sun,  and  from  the  action  of  certain  poisons.  When  all  the 
individuals  of  any  one  variety  possess  an  immimity  of  this 
nature,  we  do  not  know  that  it  stands  in  any  sort  of  correlation 
with  their  colour;  but  when  several  similarly  coloured 
varieties  of  the  same  species  are.  thus  characterised,  whilst 
other  coloured  varieties  are  not  thus  favoured,  we  must  believe 
in  the  existence  of  a  correlation  of  this  kind.  Thus,  in  the 
United  States  purple-fruited  plums  of  many  kinds  are  far 
more  affected  by  a  certain  disease  than  green  or  yellow-fruited 
varieties.  On  the  other  hand,  yellow-fleshed  peaches  of 
various  kinds  suffer  from  another  disease  much  more  than  the 
white-lieshed  varieties.  In  the  Mauritius  red  sugar-canes 
are  much  less  affected  by  a  particular  disease  than  the  white 
canes.  White  onions  and  verbenas  are  the  most  liable  to 
mildew ;  and  in  Spain  the  green-fruited  grapes  suffered  from 
the  vine-disease  more  than  other  coloured  varieties.  Dark- 
coloured  pelargoniums  and  verbenas  are  more  scorched  by  the 
sun  than  varieties  of  other  colours.  Red  wheats  are  believed 
to  be  hardier  than  white ;  and  red-flowered  hyacinths  wero 
more  injured  during  one  particular  winter  in  Holland  than 
other  coloured  varieties.  With  animals,  white  terriers  suffer 
most  from  the  distemper,  white  chickens  from  a  parasitic 
worm  in  their  trachea?,  white  pigs  from  scorching  by  the  sun, 
and  white  cattle  from  flies ;  but  the  caterpillars  of  the  silk- 
moth  which  yield  white  cocoons  suffered  in  France  less  from 
the  deadly  parasitic  fungus  than  those  producing  yellow  silk. 

The  cases  of  immunity  from  the  action  of  certain  vegetable 
poisons,  in  connexion  with  colour,  arc  more  interesting,  and 
are  at  present  wholly  inexplicable.  I  have  already  given  a 
remarkable  instance,  on  the  authority  of  Professor  Wyman,  of 
all  the  hogs,  excepting  those  of  a  black  colour,  suffering 
severely  in  Virginia  from  eating  the  root  of  the  Lachnanihef 
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tinctoria.  According  to  Spinola  and  others/^  buckwheat  (Poly- 
gonum fagopyrum),  when  in  flower,  is  highly  injurious  to  white 
or  white-spotted  pigs,  if  they  are  exposed  to  the  heat  of  the 
8un,  but  is  quite  innocuous  to  black  pigs.  According  to  two 
accounts,  the  Hypericum  crispum  in  Sicily  is  poisonous  to  white 
sheep  alone ;  their  heads  swell,  their  wool  falls  off,  and  they 
often  die ;  but  this  plant,  according  to  Lecce,  is  poisonous 
only  when  it  grows  in  swamps ;  nor  is  this  improbable,  as 
wo  know  how  readily  the  poisonous  principle  in  plants  is 
influenced  by  the  conditions  under  which  they  grow. 

Three  accounts  have  been  published  in  Eastern  Prussia,  of 
white  and  white- spotted  horses  being  greatly  injured  by 
eating  mildewed  and  honeydewed  vetches ;  every  spot  of  skiu 
bearing  white  hairs  becoming  inflamed  and  gangrenous.  The 
Kcv.  J.  Rod  well  informs  me  that  his  father  turned  out  about 
fifteen  cart-horses  into  a  field  of  tares  which  in  parts  swarmed 
with  black  aphides,  and  which  no  doubt  were  honeydewed,  and 
probably  mildewed;  the  horses,  with  two  exceptions,  were 
chestnuts  and  bays  with  white  marks  on  their  faces  and 
pasterns,  and  the  white  parts  alone  swelled  and  became  angry 
scabs.  The  two  bay  horses  with  no  white  marks  entirely 
.escaped  all  injury.  In  Guernsey,  when  horses  eat  fool's 
parsley  (JEthusa  cynapium)  they  are  sometimes  violently 
purged  ;  and  this  plant  "  has  a  peculiar  effect  on  the  nose 
**  and  lips,  causing  deep  cracks  and  ulcera,  particularly  on 
"  horses  with  white  muzzles."**  With  cattle,  independently 
of  the  action  of  any  poison,  cases  have  been  published  by 
Youatt  and  Erdt  of  cutaneous  diseases  with  much  consti- 
tutional disturbance  (in  one  instance  after  exposure  to  a  hot 
sun)  affecting  every  single  point  which  bore  a  white  hair,  but 
completely  passing  over  other  parts  of  the  body.  Similar 
cases  have  been  observed  with  horses.*^ 

**  Tbft  fact  and  the  followiug  coAes,  enting  buckwheat;    whilst  black  ur 

when  not  stated  to  the  contrary,  are  dark-woulled  individuals  are  not   in 

taken  from  a  very  curious  paper  by  the  least  affected. 

I'rof.  Heusinger,   in   *  Wochenschrilt  *^  Mr.   Mogford,  in    the   *  Veteri- 

filr   lleilkunde,'  May,  1846,  a.  277.  narian,'  quoted  in  *The  Field,' Jan. 

.<ett.ga»t  (*  Die  Thierxucht,'  1868,  p.  2-',  1861,  p.  545. 

o9)  says  that  white  or  white-spotted  *'  *  Edinburgh  Vcteriaary  Jonrcal/ 

«hccp  butfcr  like  pigs,  or  eren  die  from  Oct.  1860,  p.  347. 


332 


LAWS  OP  VARIATION. 


Chap.  XXV. 


We  thus  sec  that  not  only  do  those  parts  of  the  skin  which 
hear  white  hair  differ  in  a  remarkable  manner  from  those 
bearing  hair  of  any  other  colour,  but  that  some  great  consti- 
tutional difference  must  be  correlated  with  the  colour  of  the 
hair;  for  in  the  above-mentioned  cases,  vegetable  poisons 
caused  fever,  swelling  of  the  head,  as  well  as  other  symptomB, 
and  oven  death,  to  all  the  white,  or  white-spotted  animals. 
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TJie  Fusion  of  Homologous  Parts, — Geoffrey  Saint-Hilaire 
formerly  propounded  what  he  called  la  lot  de  VaffinilS  de  sot 
pour  soi,  which  has  been  discussed  and  illustrated  by  his  son, 
Isidore,  with  respect  to  monsters  in  the  animal  kingdom,* 
and  by  Moquin-Tandon,  with  respect  to  monstrous  plants. 
'I'his  law  seems  to  imply  that  homologous  parts  actually 
attract  ono  another  and  then  unite.  No  doubt  there  aro 
many  wonderful  cases,  in  which  such  parts  become  intimately 
fused  together.  This  is  perhaps  best  seen  in  monsters  with 
two  heads,  which  aro  united,  summit  to  summit,  or  face  to 
face,  or  Janus-like,  back  to  back,  or  obliquely  side  to  side. 
In  one  instance  of  two  heads  united  almost  face  to  face,  but  a 
little  obliquely,  four  ears  were  developed,  and  on  one  side  a 
perfect  face,  which  was  manifestly  formed  by  the  fusion  of 
two  half-faces.  Whenever  two  bodies  or  two  heads  are 
united,  each  bone,  muscle,  vessel,  and  nerve  on  the  lino  of 
junction  appears  as  if  it  had  sought  out  its  fellow,  and  had  be- 
come completely  fused  with  it.  LerebouUet,*  who  carefully 
studied  the  development  of  double  monsters  in  fishes,  observed 
ill  fifteen  instances  the  steps  by  which  two  heads  gradually 
Ixicame  united  into  one.  In  all  such  cases  it  is  now  thought 
by  the  greater  number  of  capable  judges  that  the  homolo- 
gous parts  do  not  attract  each  other,  but  that  in  the  words 
of  Mr.  Lowne :  ^     **  As  union  takes  place  before  the  differentia- 

>  '  Hist,  det  Anomalies,' 1832,  torn.  *  'Catalogue   of  the  Teratological 

I.  pp.  22,  537-556;  torn.  iii.  p.  462.  Series  in  the  Museum  of  the  R.  Coll. 

'  •  Comptcs  Rcnduf,'  1855,  pp.  855,  of  Surgeons,*  1872,  p.  xvi. 
1029. 
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"  tion  of  distinct  organs  occurs,  these  are  formed  in  continuity 
**  with  each  other."  He  adds  that  organs  already  differenti- 
ated probably  in  no  case  bccomo  united  to  homologous  ones. 
M.  Dareste  does  not  speak*  quite  decisively  against  the  law  of 
8oi  pour  8ot\  but  concludes  by  saying,  "  On  so  rend  parfaitcment 
**  compte  do  la  formation  dcs  monstres,  si  Ton  admet  que  les 
"  embryons  qui  so  soudent  appartiennent  a  un  memo  ccuf ; 
**  qu'ils  s'unissent  en  meme  temps  qu'ils  so  forment,  et  quo  la 
"  Boudure  ne  se  produit  que  pendant  la  premiere  periodo  do  la 
"  vie  embryonnaire,  cello  ou  les  organos  ne  sont  encoro  con- 
"  stitues  que  par  des  blastemes  homogenes." 

By  whatever  means  the  abnormal  fusion  of  homologous 
l^aits  is  effected,  such  cases  throw  light  on  the  frequent 
presence  of  organs  which  are  double  during  an  embryonic 
period  (and  throughout  life  in  other  and  lower  members  of  the 
saine  class)  but  whicli  afterwards  unite  by  a  normal  process 
into  a  single  medial  organ.  In  the  vegetable  kingdom  Moquin- 
Tandon^  gives  a  long  list  of  cases,  showing  how  frequently 
homologous  parts,  such  as  leaves,  jjetals,  stamens,  and  pistils, 
flowers,  and  aggregates  of  homologous  parts,  such  as  buds, 
as  well  as  fruit,  become  blended,  both  normally  and  abnor- 
mally, with  perfect  symmetry  into  one  another. 

The  VariahiUty  of  Multiple  and  Homologous  Parts, — Isidore 
Geollroy^  insists  that,  when  any  part  or  organ  is  repeated 
many  times  in  the  same  animal,  it  is  particularly  liable  to 
vary  both  in  number  an^  structure.  With  respect  to  number, 
the  proix)sition  may,  I  think,  ho  considered  as  fully  estalv 
lished ;  but  the  evidence  is  chiefly  derived  from  organic 
beings  living  under  their  natural  conditions,  with  which  we 
are  not  here  concerned.  AVhenever  such  parts  as  the  vertebnc 
or  teeth,  the  rays  in  the  fins  of  fishes,  or  the  feathers  in 
the  tails  of  birds,  or  petals,  stamens,  pistils,  or  seeds,  are  very 
numerous,  the  number  is  generally  variable.  AVith  respect  to 
the  stinicture  of  multiple  parts,  the  evidence  of  variability  is 
not  so  decisive ;  but  the  fact,  as  far  as  it  may  be  trusted, 

**  Archives deZoolog.  Exper.,' Jan.,  •  *Hi»t.   des  Anomalieh,'  torn.  iii. 

1874,  p.  78.  pp.  4,  5,  6. 

'  •  'IVrntnlnpic  V»jg.,*  18*1,  lirrc  iii. 
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probably  depends  on  multiple  parts  being  of  less  physiological 
importance  than  single  parts ;  consequently  their  structure 
has  been  less  rigorously  guarded  by  natural  selection. 

Compensation  df  Groiclh^  or  Balancemeni. — This  law,  as 
applied  to  natural  species,  was  propounded  by  Goethe  and 
Gooffroy  Saint-Hilaire  at  nearly  the  same  time.  It  implies 
that,  when  much  organised  matter  is  used  in  building  up 
some  one  part,  other  parts  are  starved  and  become  reduced. 
Several  authors,  especially  botanists,  believe  in  tliis  law ; 
others  reject  it.  As  far  as  I  can  judge,  it  occasionally  holds 
good ;  but  its  importance  has  probably  been  exaggerated.  It 
is  scarcely  possible  to  distinguish  between  the  supposed 
e fleets  of  such  compensation,  and  the  effects  of  long-continued 
selection  which  may  lead  to  the  augmentation  of  one  part, 
and  simultaneously  to  the  diminution  of  another.  Anyhow, 
tliere  can  be  no  doubt  that  an  organ  may  bo  greatly  increased 
without  any  corresponding  diminution  of  an  adjoining  part. 
To  recur  to  our  former  illustration  of  the  Irish  elk,  it  may  bo 
asked  what  part  has  suffered  in  consequence  of  the  immense 
development  of  the  horns  ? 

It  has  already  been  observed  that  the  struggle  for  existence 
does  not  bear  hard  on  our  domesticated  productions,  and  con- 
secjuently  the  principle  of  economy  of  growth  will  seldom 
come  into  play,  so  that  we  ought  not  to  expect  to  find  with 
them  frequent  evidence  of  compensation.  We  have,  however, 
some  such  cases.  Moquin-Tandon  describes  a  monstrous  bean,' 
in  which  the  stipules  were  enormously  developed,  and  the 
leaflets  apparently  in  consequence  completely  aborted ;  this 
case  is  interesting,  as  it  represents  the  natural  condition  of 
Lathyrua  ayhaca,  with  its  stipules  of  great  size,  and  its  leaves 
reduced  to  mere  threads,  which  act  as  tendrils.  De  Can- 
dolle  ®  has  remarked  that  the  varieties  of  Baphanm  sativus 
which  have  small  roots  yield  numerous  seed  containing  much 
oil,  whilst  those  with  large  roots  are  not  productive  in  oil; 
and   BO   it   is   with   BraBsica  aaperi/oUa,      The   varieties   of 

'  ♦Teratologie  V<g.,'  p.  156.     See       1875,  p.  202.  ^ 
iilsoiny  book  on  *Th€  Movements  and  *  'MemoireA    ilu    Mu»Jum,'    &c., 

Ilahits  of  (Mimbing  Plants,*  2ni  eiit,       torn.  riii.  p.  178. 
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Cucurbita  pepo  which  bear  large  finiit  yield  a  small  crop, 
according  to  Naudin;  whilst  those  producing  small  fruit 
yield  a  vast  number.  Lastly,  I  have  endeavoured  to  show  in 
the  eighteenth  chapter  that  with  many  cultivated  plants 
unnatural  treatment  checks  the  full  and  proper  action  of  the 
reproductive  organs,  and  they  are  thus  rendered  more  or  less 
sterile ;  consequently,  in  the  way  of  compensation,  the  fruit 
becomes  greatly  enlarged,  and,  in  double  flowers,  the  petals 
are  greatly  increased  in  number. 

With  animals,  it  has  been  found  difficult  to  produce  cows 
which  yield  much  milk,  and  are  afterwards  capable  of  fatten- 
ing well.  With  fowls  which  have  large  top-knots  and  beards 
the  comb  and  wattles  are  generally  much  reduced  in  size ; 
though  there  are  exceptions  to  this  rule.  Perhaps  the  entire 
absence  of  the  oil-gland  in  fantail  pigeons  may  be  connected 
with  the  great  development  of  their  tails. 

Mechanical  Pressure  as  a  Cause  of  Modifications, — In  some 
few  cases  there  is  reason  to  believe  that  mere  mechanical 
pressure  has  affected  certain  structures.  Vrolik  and  Weber  • 
maintain  that  the  shape  of  the  human  head  is  influenced  by 
the  shape  of  the  mother's  pelvis.  The  kidneys  in  different 
birds  differ  much  in  form,  and  St.  Ange  ^°  believes  that  this 
is  determined  by  the  form  of  the  pelvis,  which  again,  no 
doubt,  stands  in  close  relation  with  their  power  of  locomotion. 
In  snakes,  the  viscera  are  curiously  displaced,  in  comparison 
with  their  position  in  other  vertebrates ;  and  this  has  been 
attributed  by  some  authors  to  the  elongation  of  their  bodies  ; 
but  here,  as  in  so  many  previous  cases,  it  is  impossible  to 
disentangle  a  dii-ect  result  of  this  kind  from  that  consequent 
on  natural  selection.  Godron  has  argued  ^^  that  the  abortion 
of  the  spur  on  the  inner  side  of  the  flowers  in  Corydalis,  is 
caused  by  the  buds  at  a  very  early  period  of  growth  whilst 
underground  being  closely  pressed  against  one  another  and 
against  the  stem.  Some  botanists  believe  that  the  singular 
difference  in  the  shape  both  of  the  seed  and  corolla,  in  the 

•  Prichard,  *  Phys.   Hist,  of  Man-       series,  tcm.  xix.  p.  327. 
kind,'  1851,  vol.  i.  p.  :J24.  »»  *Comptcs  Rcudus,'  Dec.  1864,  p. 

'•  *Annalej.    des    St-.     Nat.,'    Ui       1039. 
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interior  and  exterior  florets  in  certain  CompoBitous  and 
Umbelliferous  plants,  is  dne  to  the  pressure  to  which  the 
inner  florets  are  subjected ;  but  this  conclusion  is  doubtful. 

The  facts  just  given  do  not  relate  to  domesticated  produc- 
tions, and  therefore  do  not  strictly  concern  us.  But  here  is 
a  more  appropriate  case :  IT.  Miillcr "  has  shown  that  in 
shortfaced  races  of  the  dog  some  of  the  molar  teeth  are  placed 
in  a  slightly  different  position  to  that  which  they  occupy 
in  other  dogs,  especially  in  those  having  elongated  muzzles ; 
and  as  ho  remarks,  any  inherited  change  in  the  arrangement 
of  the  teeth  deserves  notice,  considering  their  classificatory 
importance.  This  difference  in  position  is  due  to  the  shorten- 
ing of  certain  facial  bones  and  the  consequent  want  of  space  ; 
and  the  shortening  results  from  a  peculiar  and  abnormal  stat€ 
of  the  embryonal  cartilages  of  the  bones. 

Rclatice  Position  of  Flowers  with  respect  to  the  AxiSy  and  of  Seeds 

in  the  Ovary ^  as  inducing  Variation, 

In  the  thirteenth  chapter  various  pcloric  flowers  were  described, 
nnd  theii  production  was  shown  to  be  due  either  to  arrested 
development,  or  to  reversion  to  a  primordial  condition.  Moqain- 
Tandon  has  remarked  that  the  flowers  which  stand  on  the  summit 
of  the  main  stem  or  of  a  lateral  branch  are  more  liable  to  become 
peloric  than  those  on  the  sides ; "  and  he  adduces,  amongst  other 
instances,  that  of  Teucrium  campanulatum.  In  another  Labiate 
plant  grown  by  me,  viz.  the  Galeobdolon  luteum,  the  peloric  flowers 
were  always  prcxluced  on  the  summit  of  the  stem,  where  flowers  are 
not  usually  borne.  In  Pelargonium,  a  single  flower  in  the  truss  is 
frequently  pcloric,  and  when  this  occurs  I  have  during  several  years 
invariably  observed  it  to  be  the  central  flower.  This  is  of  such 
frequent  occurrence  that  one  observer"  gives  the  names  of  ten 
varieties  flowering  at  the  same  time,  in  every  one  of  which  the 
central  flower  was  peloric.  Occasionally  more  than  one  flower  in 
the  truss  is  peloric,  and  then  of  course  the  additional  ones  must  be 
lateral.  These  flowers  are  interesting  as  showing  how  the  whole 
structure  is  correlated.  In  the  common  Pelargonium  the  upper 
sepal  is  produced  into  a  nectary  which  coheres  with  the  flower- 
peduncle;  the  two  upper  petals  differ  a  little  in  shape  from  the 
three  lower  ones,  and  are  marked  with  dark  shades  of  colour;  the 
stamens  are  graduated  in  length  and  upturned.    In  the  peloric 


"  "  U«ber  foUle  Rachites,"  *  WiJrz-  »  *  Teratologic  Veg.,*  p.  192. 

lurgor  Mcdidn.  Zcitschhft,*  1800,  B.  '*  *  Journal  of  Horticulture/  July 
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flowers,  tbo  nectar;  aboitR;  all  the  petnls  becomo  alike  boUi  ii 
and  culoiir;   tlie  stameua  are  genernlly  reduced  in  number  a 
beuome  Etrai^ht,  so  that  the  wliolo  flower  resembles  that  of  t 
alUed  genus  Erodium.    The  correlotjon  between  these  chnnges  !__ 
well  sliown  wlien  one  of  the  two  upper  petals  alone  loecs  its  dark  ■ 
mark,  for  in  tbis  cose  the  nectary  docs  nut  eutirely  alioit,  but  w  '' 
usually  much  reduced  in  icugtb." 

Morren  lins  described  "  a  ranrYelloiis  flntdc-shafwd  flovrer  of  tba 
Calceolaria,  nearly  four  inches  in  length,  whioh  was  almost  complet^jr 
poloric ;  it  crew  on  the  summit  of  the  plant,  with  a  normal  flowar 
oa  Mich  Bidei  Frof.  Westwood  also  has  described"  three  sf 
petoric  flowers,  which  all  occupied  a  central  position  on  the  fl 
branches.  In  the  Orehideous  genus,  Phalffinopsis,  the  termini 
flower  lip.s  Iteen  seen  to  become  pcloric. 

In  a  LaburnuTn-lree  I  observed  that  about  a  fourth  jMirt  o 
racemes  produced  terminal  flowers  which  had  lost  their  popilioD*. . . 
Btrni'ture.    These  were  produced  after  nlmost  all  the  other  (lowi 
on  the  same  racemcB  had  withered.    The  most  perfectly  jx" 
examptes  had  Rii  petals,  each  marked  with  black  stria  like  tl 
the  standard -petal.    The  keel  seemed  to  resist  the  change  moi 
the  other  petals.    Dutrocbet  has  described  "  on  exactly  similar  a 
in  France,  and  I  believe  these  are  the  only  two  uiEtancen  of  pi '    ' 
in  the  laburnum  which  have  been  recorded.    Duta>chcit  n 
that  the  racemes  on  this  tree  do  not  properly  produce  a  t« 
flower,  BO  that  (as  in  the  case  of  the  Galeoklolon)  their  pofliL_. 
well  as  structui-c  are  both  onomnlics.  which  no  doubt  uo  in  B. 
manner  related.  Dr.  Blasters  has  briefly  ilescri  bed  another  It^ramiDc 
plant,"uamely,  a  species  of  clover,  in  which  the  uppcrmo6tandeeot_ 
flowiira  were  regulnr  or  had  lQ«t  their  papilionoccons  structoi 
Id  some  of  these  plants  the  Sowei-beads  were  also  proliferous. 

Lastly,  Liuaria  produces  two  kinds  of  peloric  flowers  ODO  lia\i 
simple  petals,  and  the  other  having  them  all  spurroo.  The  t' 
forms,  sa  Naudia  remarks,"  not  rarely  occur  on  Die  same  plaat,  1» 
in  this  case  the  spurred  form  almost  invariably  stanos  on  t' 
summit  uf  the  sjiike. 

The  tendency  in  the  lerminal  or  ecnlral  Bower  to  beeum«  pelw 
more  freqaently  than  the  otlier  flowers,  probably  results  from  "  "' 
"  bud  which  Biaods  on  the  end  of  a  shoot  roceivini;  the  most  ■ 
"it  grons  out  into  a  stronger  shoot  tlioii  those  eilua1«d  Ii 
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"  down."  ^  I  havo  discussed  tbo  connection  between  pelorism  and 
a  central  position,  partly  because  some  few  plants  are  known  nor- 
mally to  produce  a  terminal  flower  diflferent  in  structure  from 
the  lateral  ones ;  but  chiefly  on  account  of  the  following  case,  in 
which  we  see  a  tendency  to  variability  or  to  reversion  connected 
with  the  same  position.  A  great  judge  of  Auriculas^  states  that 
when  one  throws  up  a  side  bloom  it  is  pretty  sure  to  keep  its 
cliaracter;  but  that  if  it  grows  from  the  centre  or  heart  of  the 
plant,  whatever  the  colour  of  the  edging  ought  to  be,  "  it  is  just  as 
"  likely  to  come  in  any  other  class  as  in  the  one  to  which  it  properly 
"  belongs."  This  is  so  notorious  a  fact,  that  some  florists  regularly 
pinch  off  the  central  trusses  of  flowers.  Whether  in  the  highly 
improved  varieties  the  departure  of  the  central  trusses  from  their 
proiKir  type  is  due  to  reversion,  I  do  not  know.  Mr.  Dombrain 
insists  that,  whatever  may  be  the  commonest  kind  of  imperfection 
in  each  variety,  this  is  generally  exaggerated  in  the  central  truss. 
Thus  one  variety  "  sometimes  has  the  fault  of  producing  a  little 
'*  green  floret  in  the  centre  of  the  flower,"  and  in  central  blooms  these 
l>ccome  excessive  in  size.  In  some  central  blooms,  sent  to  me  by 
Mr.  Dombrain,  all  the  organs  of  the  flower  were  rudimentary  in 
structure,  of  minute  size,  and  of  a  green  colour,  so  that  by  a  little 
further  change  all  would  have  been  converted  into  small  leaves. 
In  this  case  we  clearly  see  a  tendency  to  prolification — a  term  which 
I  may  explain,  for  those  who  have  never  attended  to  botany,  to  mean 
the  production  of  a  branch  or  flower,  or  head  of  flowers,  out  of 
another  flower.  Now  Dr.  Masters"  states  that  the  central  or  upper- 
jnost  flower  on  a  plant  is  generally  the  most  liable  to  prolification. 
Thus,  in  the  varieties  of  the  Auricula,  the  loss  of  their  proper 
character  and  a  tendency  to  prohfication,  also  a  tendency  to  pro- 
litication  with  pelorism,  are  all  connected  together,  and  are  due 
oithor  to  arrested  development,  or  to  reversion  to  a  former  condition. 

The  following  is  a  more  interesting  case ;  Metzger  ^*  cultivated  in 
Gt-Tmany  several  kinds  of  maize  brought  from  the  hotter  parts  of 
America,  and  ho  found,  as  previously  described,  that  in  two  or  three 
^'(•nerations  the  grains  became  greatly  changed  in  form,  size,  and 
colour ;  and  with  respect  to  two  races  he  expressly  states  that  in 
tiio  first  generation,  whilst  the  lower  grains  on  each  head  retained 
their  proper  character,  the  uppermost  grains  already  began  to  assume 
that  character  which  in  the  third  generation  all  the  grains  acquired. 
As  we  do  not  know  the  aboriginal  parent  of  the  maize,  we  cannot 
tell  whether  these  changes  are  in  any  way  connected  with  reversion. 

In  the  two  following  cases,  reversion  comes  into  play  and  is  de- 
termined by  the  position  of  the  seed  in  the  capsule.  The  Blue  Imi)erial 
l^oa  is  the  offspring  of  the  Blue  Prussian,  and  has  larger  seed  and 

"  Hugo  von  Mohl,  'The  Vegetable  1862,  April  29th,  p.  83. 

C'll,*  Kug.  tr.,  1852,  p.  76.  "  'Transact.  Linn.  Soc.,*  vol.  xxiii., 

"  The    Rev.    H.  H.    Dombrain,  in  1861,  p.  360.. 

'Journal  of  Horticulture,'  1861,  June  "  *  Die  Ootrcilcarten,*  1815,  s.  208, 

4th,  p.   174;  an'i  June  25th,  p.  23* ;  209. 
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lirottder  jiodfi  Uian  ils  parent.  Now  Mr.  MosterB,  of  Canterbury, 
careful  olieurver  Bind  a  runer  of  new  ^urieliee  of  the  pea,  states' 
that  the  Blue  Imperial  alnsy b  has  a  iitmiig  tendoncj  to  revert  to 
il3  pnrent-etock,  and  the  reversion  "oocurB  in  this  monner:  the 
"last  (or  uppei-mosl)  pea  in  the  pod  ia  frequently  much  Etnallcr 
"than  the  rest;  and  if  the«!  Gmall  peas  art)  carefully  collected  and 
"  Bown  Beparatcly,  Tery  many  more,  in  proportion,  will  rerert  lo 
"their  origin,  than  thoeo  t^en  f rom  the  other  parta  of  the  pod." 
Again,  M.  Chate^says  that  in  raising  seedling  stocks  he  succeeds 
in  getting  eighty  per  cent,  to  boar  donMe  flon'ers,  by  leaTing  on); 
a  few  of  the  secondary  branches  to  seed ;  but  in  addition  to  tl  '^ 
"  at  the  time  of  eitracting  the  scedn,  the  upper  portion  of  tho 
"is  soptirated  and  placed  aside,  beeanso  it  has  been  aEcertki 
"  that  the  plants  coming  from  the  seeds  sitoated  in  this  portion  _ 
"the  pod,  give  eighty  per  cent,  of  single  flowers."  Jfow  the  pw^ 
dnction  of  eingle-flowcrinK  plants  finm  the  seed  of  doiibto-flavorinf; 
plants  is  clearly  a  case  of  reversion.  These  latter  fnctf,  ae  veil  as 
the  conneotion  between  a  central  jHwition  and  pelorism  and  pro- 
liticalioB,  show  in  an  interesting  manner  how  small  a  diflwimi 
namely,  a  little  greater  or  less  freedom  in  the  flow  of  sap  towi.__ 
one  part  of  the  plant — determines  important  cjiangcs  of  slmcttmi 

Analosoua  or  ParttUel  Variation. —  By  this  term  I  ma 
that  similar  charaotera  occasionally  moke  their  a[>pcamiu 
in  the  several  varieties  or  race*  descended  from  tlio  e 
specioB,  and  more  rarely  in  the  ofispring  of  widely  distuu 
species.  Vi'e  are  here  concerned,  not  as  hitherto  with  1' 
cniisea  of  variation,  but  M'ith  tho  results;  but  this  discnsrioj 
could  not  liavc  been  more  conveniently  introduced  Glsowbci 
'Ilio  caaoa  of  analt>gous  variatioa,  as  for  as  their  origin  j 
uonoemod,  may  be  grouped,  disregarding  minor  mtbdlvinons/^ 
under  two  main  heads;  firstly,  those  duo  to  unknown  c»U8M  J 
acting  on  similarly  ixinBtituted  organisms,  and  which  < 
sequontly  lia\'o  varied  in  a  similar  manner;  and  seconding 
those  duo  to  tho  reappearance  of  characters  which 
poBSusscd  by  a  more  or  leas  remote  progenitor.  But  t 
two  main  divisions  can  often  bo  separated  only  < 
turally,  and  graduate,  as  we  shall  presently  sec,  into  ( 
other. 

Under  the  first  head  of  analogous  variations,  not  due  to  n  __ 
we  have  the  many  coses  of  trees  belonging  to  quite  different  oi 
which  have  produced  pendulous  and  fiistigate  varieties.    The  b< 
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hazel,  and  barberry  have  given  rise  to  purple-leaved  varieties ;  and, 
as  fiernhardi  remarks,'"  a  multitude  of  plants,  as  distinct  as  possible, 
h  a ve  yielded  varieties  wi  th  deeply-cut  or  laciniated  leaves.  Varieties 
descended  from  three  distinct  species  of  Brassica  have  their  stems, 
or  so-called  roots,  enlarged  into  globular  masses.  The  nectarine  is 
the  offispring  of  the  peach;  and  the  varieties  of  peaches  and 
nectarines  offer  a  remarkable  parallelism  in  the  fruit  being  white, 
red,  or  yellow  fleshed — in  being  clingstones  or  freestones — ^in  the 
flowers  being  large  or  small — in  the  leaves  being  serrated  or  crenated, 
furnished  with  globose  or  reniform  glands,  or  quite  destitute  of 
glands.  It  should  be  remarked  that  each  variety  of*  the  nectarine 
has  not  derived  its  character  from  a  corresponding  variety  of  the 
peach.  The  several  varieties  also  of  a  closely  allied  genus,  namely 
the  apricot,  differ  from  one  another  in  nearly  the  same  parallel 
manner.  There  is  no  reason  to  believe  that  any  of  these  varieties 
have  merely  reacquired  long-lost  characters ;  and  in  most  of  them 
this  certainly  is  not  the  case. 

Three  species  of  Gucurbita  have  yielded  a  multitude  of  races 
which  correepond  so  closely  in  character  that,  as  Naudin  insists, 
they  may  be  arranged  in  almost  strictly  parallel  series.  Several 
varieties  of  the  melon  are  interesting  from  resembling,  in  important 
characters,  other  species,  either  of  the  same  genus  or  of  allied  genera  ; 
thus,  one  variety  has  fruit  so  like,  both  externally  and  internally,  * 
the  friiit  of  a  perfectly  distinct  species,  namely,  the  cucumber,  as 
hardly  to  be  distinguished  from  it ;  another  has  long  cylindrical 
fruit  twisting  about  like  a  serpent ;  in  another  the  seeds  adhere  to 
portions  of  the  pulp;  in  another  the  fruit,  when  ripe,  suddenly 
cracks  and  falls  into  pieces ;  and  all  these  highly  remarkable 
peculiarities  are  characteristic  of  species  belonging  to  allied  genera. 
Wo  can  hardly  account  for  the  appearance  of  so  many  unusual 
cliaractcrs  by  reversion  to  a  single  ancient  form;  but  we  must 
believe  that  all  the  members  of  the  family  have  inherited  a  nearly 
similar  constitution  from  an  early  progenitor.  Our  cereal  and  many 
other  plants  offer  similar  cases. 

Witli  animals  we  have  fewer  cases  of  analogous  variation,  inde- 
|)cndently  of  direct  reversion.  We  see  something  of  the  kind 
m  the  resemblance  between  the  short-muzzled  races  of  the  dog, 
such  as  the  pug  and  bull-dog;  in  feather-footed  races  of  the  fowl, 
pigeon,  and  canary-bird ;  in  horses  of  the  most  different  races  pre- 
Konting  the  same  range  of  colour ;  in  all  black-and-tan  dogs  having 
tan-coloured  eye-spots  and  feet,  but  in  this  latter  case  reversion 
may  ix)ssibly  have  played  a  part.  Low  has  remarked  ^  that  coveral 
breeds  of  cattle  are *' sheetea," — that  is,  have  abroad  band  of  white 
piissing  round  their  bodies  like  a  sheet ;  this  character  is  strongly 
inherited,  and  sometimes  originates  from  a  cross ;  it  may  be  the 
lirst  step  in  reversion  to  an  early  type,  for,  as  was  shown  in  the 


*^  *  Ucber  den  BegriflT dcr  Pflanzon-  *•  *  Domc.^ticited    .\niinals,'   1845, 

art,'  1834,8.  14.  p.  351. 


312 


LAWS  OF  YAKIATION. 


Chip.  3 


third  chapter,  ivhile  cattle  iritli  dark  curs,  dark  feel  and  Up  of  tu 
fbrmerly  existed,  itnd  novr  exibtinfcnil  or  E«nu-fi-inl  conaitiOB-l 
sovBrol  qiiurtcre  of  the  trorld. 

Under  our  Becond  main  division,  namely,  of  aaalopous  ruiatioi 
due  to  reversiim,  the  beet  cases  are  afforded  by  pigeons.  In  all  tf 
most  distinct  breeds,  aub-TorietieB  ocntGionally  appear  coloon 
exaoUj  like  the  parent  rock-pigoon,  with  block  wing-bacB,  «U 
loins,  banded  tail,  &c. ;  and  no  one  can  doubt  that  these  chane" 
are  due  to  rercrsion.  So  trith  minor  details ;  tarbils  properly  h_ 
witite  tails,  bat  occaaionally  a  bird  is  bom  with  a  dark-cotooral  H 
bnnded  tail;  pouters  properly  have  their  primary  wing-featb 
ivhite,but  not  raj»ly  a  "  sword-flighted"  bird  oppire,  that  is,  ( 
witii  the  few  flrst  primaries  dark-colonred ;  and  in  tlieae  rast 
have  characters  proper  to  the  rocfc-pigeon,  but  new  to  the  I 
evidently  appearing  from  roversiuu.  In  mme  domestic  vu 
the  wing-bare,  instead  of  bcin^  simply  black,  as  in  tlie  roti-p .„ . 
are  I>cantifully  ed(;ed  with  different  zones  of  colour,  and  tiiCQr  tl 
present  a  striking  analogy  with  the  wing-bars  in  certaio  m' 
species  of  the  same  family,  snch  as  I'haps  tlioleopUra ;  asd 
may  probably  be  accounted  lor  by  all  the  species  of  ths  fl 
being  dtscendod  from  the  same  remote  pn^enilor  and  having  a  h 
doucy  to  vary  in  tlie  same  manner.  Thus,  also,  we  can  pethf 
undcrstaud  the  fact  of  some  Lungbcr-pigGons  cooing  almoet  t 
turtle-doves,  and  for  several  races  having  peculiaritim  in  Oi 
flight, since  certain  natnralBpocies(viz.,  C.  torTuatriziandTialunihi 
display  singular  vagaries  in  this  respect  In  other  caaes  ft  r' 
instead  of  imitating  a  distinct  species,  resembles  some  other  t' 
thus,  certain  ruuls  tremble  and  slightly  elevate  their  tails,  h" 
tails ;  and  lurbits  inflate  the  upper  part  of  tkdr  lEgnpliagi 
pouter-pigcona. 

It  is  a  coramoa  ciicumstancc  to  find  certain  wiloured  UMrks  f  . 
sistently  characterising  all  the  speciesof  a  genus,  but  differing  mw_„,^ 
in  tint;  and  the  same  thing  occurs  with  tho  varieties  of  tbojrigcoa^ 
thus,  instead  of  the  general  plumage  being  blue,  with-tbe  iring-bui^l 
black,  there  are  sttow-while  varieties  with  red  Inus,  andhlnok  Tftrit^ 
tius  with  white  bars;  in  other  vnrietioa  the  wing-bars,  astre  lutq 
seen,  are  elegantl}-  zoned  with  different  tints.     The  Spot  pigMO 
characterised  by  ilie  whole  plumage  being  white,  exoepting  ■  a^^ 
on  the  forehead  and  the  toil ;  butthcse  parts  may  be  rod,  yeUov.l 
block.    In  the  rock-pigeon  and  in -many  varieties  Ibo  t^  18  tu 
with  the  outer  edges  of  the  outer  feathers  white ;  but  in  the  m 
varifitj  of  the  monk-pigeon  we  have  a  ruvcrsed  style  of  taioc  " 
(or  the  tail  is  white,  except  the  outer  (-ilges  of  the  oul«r  fea 
which  am  black." 

With  some  species  of  birds,  for  instance  with  gulls,  < 
.  i-obnrod  ports  appear  as  if  almost  washed  out,  and  I  liato  o' 
exactly  the  same  appearance  in  the  terminal  dork  tnil-liar  incerl^ 
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pigeons,  and  in  the  whole  plumage  of  certain  varieties  of  the  duck. 
Analogous  facts  in  the  vegetable  kingdom  could  be  given. 

Many  sub-varieties  of  the  pigeon  have  reversed  and  somewhat 
lengthened  feathers  on  the  back  part  of  their  heads,  and  this  is 
certtvinly  not  due  to  reversion  to  the  parent-species,  which  shows 
no  trace  of  such  structure  :  but  when  we  remember  that  sub-varie- 
ties of  the  fowl,  tnrkey,  canary-bird,  duck,  and  goose,  all  have  either 
topknots  or  reversed  feathers  on  their  heads ;  and  when  we  remember 
that  scarcely  a  single  largo  natural  group  of  birds  can  be  named,  in 
which  some  members  have  not  a  tuft  of  feathers  on  their  heads,  we 
may  suspect  that  reversion  to  some  extremely  remote  form  has 
come  into  action. 

Several  breeds  of  the  fowl  hav6  either  spangled  or  i)encilled 
feathers;  and  these  cannot  be  derived  from  the  parent- species,  the 
Oallus  bankiva ;  though  of  course  it  is  i)ossible  tbat  one  early  pro- 
genitor of  this  species  may  have  been  spangled,  and  another  pen- 
cilled. But,  as  many  gallinaceous  birds  are  either  spangled  or  pen- 
cilled, it  is  a  more  probable  view  that  the  several  domestic  breeds 
of  the  fowl  have  acquired  this  kind  of  plumage  from  all  the 
members  of  the  family  inheriting  a  tendency  to  vary  in  a  like 
manner.  The  same  principle  may  account  for  the  ewes  in  certain 
breeds  of  sheep  being  hornless,  like  the  females  of  some  other 
hollow-horned  ruminants ;  it  may  account  for  certain  domestic  cats 
having  slightly-tufted  ears,  like  those  of  the  lynx ;  and  for  the  skulls 
of  domestic  rabbits  often  differing  from  one  another  in  the  same 
characters  by  which  the  skulls  of  the  various  species  of  the  genus 
Lepus  differ.  % 

I  will  only  allude  to  one  other  case,  already  discussed.  Now 
that  we  know  that  the  wild  parent  of  the  ass  commonly  has  striped 
legs,  we  may  feel  confident  that  the  occasional  appearance  of  stripes 
on  the  legs  of  the  domestic  ass  is  due  to  reversion;  but  this  will  not 
account  for  the  lower  end  of  the  shoulder-stripe  being  sometimes 
angularly  bent  or  slightly  forked.  So,  again,  when  we  seen  dun 
and  other  coloured  horses  with  stripes  on  the  spine,  shoulders,  and 
legs,  we  are  led,  from  reasons  formerly  given,  to  believe  that  they 
roiii^pcar  through  reversion  to  the  wild  parent-horse.  But  when 
horses  have  two  or  three  shoulder-stripes,  with  one  of  them  occa- 
sionally forked  at  the  lower  end,  or  when  they  have  stripes  on  their 
faces,  or  are  faintly  striped  as  foals  over  nearly  their  whole  bodies, 
with  the  stripes  angularly  bent  one  imder  the  other  on  the  fore- 
head, or  irregularly  branched  in  other  parts,  it  would  be  rash  to 
attribute  such  diversified  characters  to  the  reappearance  of  those 
proper  to  the  aboriginal  wild  horse.  As  three  African  species  of 
the  genus  are  much  striped,  and  as  we  have  seen  that  the  crossing 
of  the  unstriped  species  often  leads  to  the  hybrid  offspring  being 
conspicuously  stnped — bearing  also  in  mind  that  the  act  of  crossing 
certainly  causes  the  reappearance  of  long-lost  characters—it  is 
a  more  probable  view  that  the  above-specified  stripes  are  due  to 
reversion,  not  to  the  immediate  wild  parent-horse,  but  to  the  striped 
progenitor  of  the  whole  genus. 
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I  liavo  diacusscd  t!iia  subject  of  analogoUB  variation  at 
elderaLle  length,  because  it  is  well  known  that  the  varid 
of  one  species  lTe<|Qt>ntlj  resemble  distinct  species — a  fact 
perfect  harmony  with  the  foregoing  cases,  ond  explicable 
the  theory  of  descent.      Secondly,  bocanse  these  facta   aro 
important  from  showing,  as  remarked  in  a  former  chapter, 
that  each  trifling  variation  is  governed  by  law,  and  is  deter- 
mined in  a  much  higher  degree  by  the  nature  of  the  organi- 
sation, than  by  the  natnre  of  the  conditions  to  which  the 
varying  being  has  been  exposed.     Thirdly,  because  these  facts 
are  to  a  certain  extent  related  to  a  more  general  law,  namely, 
that  which  Mr.  B.  D.   Walsh ^*  has   called    the   "Law     ' 
Equable  VaricHAUly,"  or,  as  he  explains  it,  "  if  any  gi' 
"  ractcr  is  very  variable  in  one  species  of  a  group,  it  will 
'*  to  bo  variable  in  allied  species ;  and  if  any  given  character 
"  is  perfectly  constant  in  one  species  of  a  group,  it  will  tend 
"  to  be  constant  in  allied  species." 

This  leads  mo  to  recall  a  discussion  in  the  chapter 
Selection,  iu  which  it  was  shown  that  with  domestic 
which  are  now  undergoing  rapid  improvement,  those 
or  characters  vary  the  most,  which  aro  the  moat  %-ali 
This  naturally  follows  from  reoenlly  acloctcd  cbaraotcn) 
tinuolly  tending  to  revert  to  their  former  less  intprci'' 
standard,  and  from  their  being  still  acted  on  by  the 
agencies,  whatever  these  may  bo,  which  first  caused  the  cfan- 
racters  in  question  to  vary.  The  same  principle  is  applicable 
to  natural  species,  for,  as  stated  in  my  'Origin  of  Species,' 
generic  characters  are  less  variable  than  spccifio  charactura  I 
and  the  latter  are  those  which  have  been  modified  by  varia- 
tion and  natural  selection,  since  the  period  when  all  the 
species  belonging  to  the  genus  branched  off  from  a  common 
progenitor,  whilst  generic  characters  arc  those  which  have 
remained  unaltered  from  a  much  more  remote  epoch,  and  ac- 
cordingly aro  now  less  variable.  This  statement  mukcs  ii 
xvMi  approach  to  Wr.  WaUh'a  law  of  Eijuablo  Variability, 
Secondary  sexual  charactcnt,  it  may  L>e  added,  rardy 
characterise  distinct  genera,  for  they  usually  differ  i 
the  species  of  the  Bama  genus,  and  they  arc  highly  vxi 
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in  the  individuals  of  the  same  species ;  we  have  also  seen  in 
the  earlier  chaptei*s  of  this  work  how  variable  secondary  sexual 
characters  become  under  domestication. 

Summary  of  the  three  previous  Chapters  on  the  Laws  of  Variation. 

In  the  twenty-third  chapter  we  saw  that  changed  con- 
ditions occasionally,  or  even  often,  act  in  a  definite  manner 
on  the  organisation,  so  that  all,  or  nearly  all,  the  individuals 
thus  exposed  become  modified  in  the  same  manner.  But 
a  far  more  frequent  result  of  changed  conditions,  whether 
acting  directly  on  the  organisation  or  indirectly  through  the 
reproductive  system,  is  indefinite  and  fluctuating  variability. 
Ill  the  three  last  chapters,  some  of  the  laws  by  which  such 
variability  is  regulated  have  been  discussed. 

Increased  use  adds  to  the  size  of  muscles,  together  with 
the  blood-vessels,  nerves,  ligaments,  the  crests  of  bone  and 
the  whole  bones,  to  which  they  are  attached.  Increased 
functional  activity  increases  the  size  of  various  glands,  and 
strengthens  the  sense-organs.  Increased  and  intermittent 
}>ressure  thickens  the  epidermis.  A  change  in  the  nature  of 
the  food  sometimes  modifies  the  coats  of  the  stomach,  and 
augments  or  decreases  the  length  of  the  intestines.  Continued 
disuse,  on  the  other  hand,  weakens  and  diminishes  all  parts 
of  the  organisation.  Animals  which  during  many  generations 
have  taken  but  little  exercise,  have  their  lungs  reduced  in 
size,  and  as  a  consequence  the  bony  fabric  of  the  chest  and 
the  whole  form  of  the  body  become  modified.  With  our 
anciently  domesticated  birds,  the  wings  have  been  little  used, 
and  they  are  slightly  reduced  ;  with  their  decrease,  the  crest 
of  the  sternum,  the  scapulic,  coracoids,  and  furculum,  have  all 
been  reduced. 

With  domesticated  animals,  the  reduction  of  a  part  from 
disuse  is  never  carried  so  far  that  a  mere  rudiment  is  left ; 
whereas  we  have  reason  to  believe  that  this  has  often  occurred 
nudor  nature ;  the  effects  of  disuse  in  this  latter  case  being 
ai<lod  by  economy  of  growth,  together  with  the  intercrossing 
of  many  varying  individuals.  The  cause  of  this  dififerenoe 
l)etween  organisms  in  a  state  of  nature,  and  under  domestica- 
tion, probably  is  that  in  the  latter  case  there  has  not  been 
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time  sufficient  for  any  very  great  change,  and  that  the 
principle  of  economy  of  growth  does  not  come  into  action. 
On  the  contrary,  structures  which  ore  rudimentary  in  the 
parent-species,  sometimes  become  partially  redeveloped  in  our 
domesticated  productions.  Such  rudiments  as  occasionally 
make  their  appearance  under  domestication,  seem  always  to 
be  the  result  of  a  sudden  arrest  of  development ;  nevertheless 
they  are  of  interest,  as  showing  that  rudiments  are  the  relics 
of  organs  once  perfectly  developed. 

Corporeal,  periodical,  arid  mental  habits,  though  the  latter 
have  been  almost  passed  over  in  this  work,  become  changed 
under  domestication,  and  the  changes  are  often  inherited. 
Such  changed  habits  in  an  organic  being,  especially  when 
living  a  free  life,  would  often  lead  to  the  augmented  or 
diminished  use  of  various  organs,  and  consequently  to  their 
modification.  From  long-continued  habit,  and  more  especi- 
ally from  the  occasional  birth  of  individuals  with  a  slightly 
different  constitution,  domestic  animals  and  cultivated  ])lants 
become  to  a  certain  extent  acclimatised  or  adapted  to  a 
climate  different  from  that  proper  to  the  parent-species. 

Through  the  principle  of  correlated  variability,  taken  in 
it«  widest  sense,  when  one  part  varies  other  parts  vary,  either 
simultaneously,  or  one  after  the  other.  Thus,  an  organ  modi- 
fied during  an  early  embryonic  period  affects  other  parts 
subsequently  developed.  "When  an  organ,  such  as  the  beak, 
increases  or  decreases  in  length,  adjoining  or  correlated  parts, 
as  the  tongue  and  the  orifice  of  the  nostrils,  tend  to  vary  in  the 
same  manner.  When  the  whole  body  increases  or  decreases 
in  size,  various  parts  become  modified ;  thus,  with  pigeons 
the  ribs  increase  or  decrease  in  number  and  breadth.  Homo- 
logous parts  which  are  identical  during  their  early  develop- 
ment and  are  exposed  to  similar  conditions,  tend  to  vary 
in  the  same  or  in  some  connected  manner, — as  in  the  case  of 
the  right  and  left  sides  of  the  body,  and  of  the  front  and 
hind  limbs.  So  it  is  with  the  organs  of  sight  and  hearing ; 
for  instance,  white  cats  with  blue  eyes  are  almost  always 
deaf.  There  is  a  manifest  relation  throughout  the  body  be- 
tween the  skin  and  various  dermal  appendages,  such  as  hair, 
feathers,  hoofs,  horns,  and  teeth.     In  Paraguay,  horses  with 
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curly  hair  have  hoofs  like  those  of  a  mule ;  the  wool  and  the 
horns  of  sheep  often  vary  together ;  hairless  dogs"  are  deficient 
in  their  teeth ;  men  with  redundant  hair  have  abnormal  teeth, 
either  by  deficiency  or  excess.  Birds  with  long  wing-feathers 
usually  have  long  tail-feathers.  When  long  feathers  grow 
from  the  outside  of  the  legs  and  toes  of  pigeons,  the  two 
outer  toes  are  connected  by  membrane;  for  the  whole  leg 
tends  to  assume  the  structure  of  the  wing.  There  is  a  mani- 
fest relation  between  a  crest  of  feathers  on  the  head  and  a 
marvellous  amount  of  change  in  the  skull  of  various  fowls  ; 
and  in  a  lesser  degree,  between  the  greatly  elongated,  lopping 
ears  of  rabbits  and  the  structure  of  their  skulls.  With  plants, 
the  leaves,  various  parts  of  the  flower,  and  the  fruit,  often 
vary  together  to  a  correlated  manner. 

In  some  cases  we  find  correlation  without  being  able  even 
to  conjecture  what  is  the  nature  of  the  connection,  as  with 
various  monstrosities  and  diseases.  This  is  likewise  the  case 
with  the  colour  of  the  adult  pigeon,  in  connection  with  the 
presence  of  down  on  the  young  bird.  Numerous  curious 
instances  have  been  given  of  peculiarities  of  constitution, 
in  correlation  with  colour,  as  shown  by  the  immunity  of 
individuals  of  one  colour  from  certain  diseases,  from  the 
attacks  of  parasites  and  from  the  action  of  certain  vegetable 
poisons. 

Correlation  is  an  important  subject ;  for  with  species,  and 
in  a  lesser  degree  with  domestic  races,  we  continually  find 
that  certain  parts  have  been  greatly  modified  to  serve  some 
useful  purpose;  but  Ave  almost  invariably  find  that  other 
parts  have  likewise  been  more  or  less  modified,  without  our 
being  able  to  discover  any  advantage  in  the  change.  No 
doubt  great  caution  is  necessary  with  respect  to  this  latter 
point,  for  it  is  difficult  to  overrate  our  ignorance  on  the 
use  of  various  parts  of  the  organisation ;  but  from  what  we 
have  seen,  we  may  believe  that  many  modifications  are  of  no 
direct  service,  having  arisen  in  correlation  with  other  and 
useful  changes. 

Homologous  parts  during  their  early  development  often 
become  fused  together.  Multiple  and  homologous  organs 
are  csiKH^ially  liable   to  vary  in  number  and  probably  in 
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form.  As  the  supply  of  organised  matter  is  not  unlimited, 
the  principle"  of  compensation  sometimes  comes  into  action ; 
so  that,  when  one  part  is  greatly  developed,  adjoining  part49 
are  apt  to  be  reduced  ;  but  this  principle  is  probably  of  much 
less  importance  than  the  more  general  one  of  the  economy 
of  growth.  Through  mere  mechanical  pressure  hard  parts 
occasionally  affect  adjoining  parts.  "NVith  plants  the  position 
of  the  flowers  on  the  axis,  and  of  the  seeds  in  the  ovary,  some- 
times leads,  through  a  more  or  less  free  flow  of  sap,  to  changes 
of  structure;  but  such  changes  are  often  due  to  reversion. 
Modifications,  in  whatever  manner  caused,  will  be  to  a  certain 
extent  regulated  by  that  co-ordinating  power,  or  so-called 
niam/ormaiivus,  which  is  in  fact  a  remnant  of  that  simple  form 
of  reproduction,  displayed  by  many  lowly  organised  beings  in 
their  power  of  fissiparous  generation  and  budding.  Finally, 
the  effects  of  the  laws  which  directly  or  indirectly  govern 
variability,  may  be  largely  regulated  by  man's  selection,  and 
will  80  far  be  determined  by  natural  selection  that  changes 
advantageous  to  any  race  will  be  favoured,  and  disadvan- 
tageous changes  will  be  checked. 

Domestic  races  descended  from  the  same  species,  or  from 
two  or  more  allied  species,  are  liable  to  revert  to  characters 
derived  from  their  common  progenitor ;  and,  as  they  inherit 
a  somewhat  similar  constitution,  they  are  liable  to  var^' 
in  the  same  manner.  From  these  two  causes  analogous 
varieties  often  arise.  AVhen  we  reflect  on  the  several  fore- 
going laws,  imperfectly  as  we  understand  them,  and  when 
we  bear  in  mind  how  much  remains  to  bo  discovered,  we  need 
not  be  surprised  at  the  intricate  and  to  us  unintelligible 
manner  in  which  our  domestic  productions  have  varied,  and 
still  go  on  varying. 
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CHAPTER  XXVII. 

PROVISIONAL   HYPOTHESIS  OF  PAXOENESIS. 

rUELlSIlNARY  REMARKS — FIRST  PART  : — THE  FACTS  TO  BE  CONNECTED  UXDEB 
A  SINGLE  POINT  OF  VIEW,  NAMELY,  TUB  VARIOUS  KINDS  OF  BEPBODUC- 
TION — RE-GROWTH  OF  AMPUTATED  PARTS — GRAFT-HYBRIDS— THE  DIRECT 
ACTION  OF  THE  MALE  ELEMENT  ON  THE  FEMALE — DEVELOPMENT — THE 
FUNCTIONAL  INDEPENDENCE  OF  THE  UNITS  OF  THE  BODY — VARIABILITY 
— INHERITANCE — REVERSION. 

SECOND  PART  I — STATEMENT  OF  THE  HYPOTHESIS — HOW  FAB  THE  NECESSARY 
ASSUMITIONS  ARE  IMPROBABLE— EXPLANATION  BY  A^D  OF  THE  HYPOTHESIS 
OF  THE  SEVERAL  CLASSES  OF  FACTS  SPECIFIED  IN  THE  FIRST  PART — 
CONCLUSION. 

In  the  previous  chapters  largo  classes  of  facts,  snch  as  those 
bearing  on  bud-variation,  the  various  forms  of  inheritance,  the 
causes  and  laws  of  variation,  have  been  discussed ;  and  it  is 
obvious  that  these  subjects,  as  >vell  as  the  several  modes  of 
reprcKluction,  stand  in  some  sort  of  relation  to  one  another.  I 
have  been  led,  or  rather  forced,  to  form  a  view  which  to  a 
certain  extent  connects  these  facts  by  a  tangible  method. 
Every  one  would  wish  to  explain  to  himself,  even  in  an 
imperfect  manner,  how  it  is  possible  for  a  character  possessed 
by  some  remote  ancestor  suddenly  to  reappear  in  the  offspring ; 
how  the  effects  of  increased  or  decreased  use  of  a  limb  can  bo 
transmitted  to  the  child;  how  the  male  sexual  element  can 
act  not  solely  on  the  ovules,  but  occasionally  on  the  mother- 
form  ;  how  a  hybrid  can  be  produced  by  the  union  of  the 
cellular  tissue  of  two  plants  independently  of  the  organs  of 
generation ;  how  a  limb  can  be  reproduced  on  the  exact  line 
of  amputation,  with  neither  too  much  nor  too  little  added; 
how  the  same  organism  may  bo  produced  by  such  widely 
(lilTerent  processes,  as  budding  and  true  seminal  generation  ; 
and,  lastly,  how  of  two  allied  forms,  one  passes  in  the  course  of 
its  develoi)ment  through  the  most  complex  metamorphoses, 
and  the  other  does  not  do  bo,  though  when  mature  both  are 
alike  in  every  detail  of  structure.  I  am  aware  that  my 
view  is  merely  a  provisional  hypothesis  or  speculation  ;  but 
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until  a  better  one  be  advanced,  it  will  serve  to  bring  together 
a  multitude  of  facts  which  are  at  present  left  disconnected  by 
any  eflScient  cause.  As  Whe well,  the  historian  of  the  inductive 
sciences,  remarks  : — "  Hypotheses  may  often  be  of  service  to 
**  science,  when  they  involve  a  certain  portion  of  incomplete- 
"  ness,  and  even  of  error."  Under  this  point  of  view  I  venture 
to  advance  the  hypothesis  of  Pangenesis,  which  implies  that 
every  separate  part  of  the  whole  organisation  reproduces 
itself.  So  that  ovules,  spermatozoa,  and  pollen-grains, — the 
fertilised  egg  or  seed,  as  well  as  buds, — include  and  consist  of 
a  multitude  of  germs  thrown  oflf  from  each  separate  part  or 
unit.* 

In  the  First  Part  I  will  enumerate  as  briefly  as  I  can  the 
groups  of  facts  which  seem  to  demand  connection ;  but  certain 


*  This  hypothesis  has  been  severely 
criticised  by  many  writers,  and  it 
will  be  fair  to  give  references  to  the 
more  important  articles.  The  best 
essay  which  I  have  seen  is  by  Prof. 
Delpino,  entitled  *  Sulla  Darwiniana 
Teoria  della  Pangene^i,  1869,'  of 
which  a  translation  appeared  in 
*  Scientific  Opinion,'  Sept.  29,  1809 
and  the  succeeding  numbers.  He 
rejects  the  hypothesis,  but  criticises 
it  fairly,  and  I  have  found  his  criti- 
cisms very  useful.  Mr.  Mivart 
('Genesis  of  Species/  1871,  chap,  x.) 
follows  Delpino,  but  adds  no  new 
objections  of  any  weight.  Dr.  Bastian 
(♦  The  Beginnings  of  Life,'  1872,  vol.  ii. 
p.  98)  says  that  the  hypothesis  "looks 
"like  a  r.'lic  of  the  old  rather  than  a 
"  fitting  ajtpanage  of  the  new  evolu- 
"  tion  philosophy."  He  shows  that  I 
ought  not  to  have  usel  the  term 
*'  pangenesis,"  as  it  had  been  previously 
usei  by  Dr.  (Iros  in  another  sense. 
Dr.  Lionel  Beale  (*  Nature,'  May  11, 
1871,  p.  *2o)  t.neci*s  at  the  whole  doc- 
trine with  much  acerbity  and  some 
justice.  Vrot'.  Wigand  (*  Schriftcu  der 
(Resell,  der  gesauimt.  Natur\viv««en.  zu 
Marburg.*  lid.  ix.,  1870)  consi  lers  the 
hypothesis  as  unscientific  an«l  worth- 
less. Mr.  (f.  H.  Lewes  (*  Fortnightly 
Review,'  Nov.  1,  18t]8,  p.  503)  seems 
to  consider  that  it  may  be  nseful :  he 


makes  many  good  criticisms  in  a  per- 
fectly fair  spirit.  Mr.  F.  Galton,  alter 
describing  his  valuable  experinieuts 
('  Proc.  Royal  Soc*  vol.  xix.  p.  393)  on 
the  intertransfusion  of  the  blood  of 
distinct  varieties  of  the  rabbit,  con- 
cludes by  saying  that  in  his  opinion 
the  results  negative  beyond  all  doubt 
the  doctrine  of  Pangenesis.  He  in- 
forms mc  that  subsequently  to  the 
publication  of  his  paper  he  continued 
his  experiments  on  a  still  larger  scale 
for  two  more  generations,  without 
any  sign  of  mongrelism  showing  itself 
in  the  very  numerous  offsprinj;.  I 
certainly  should  have  expected  that 
gemmules  would  hare  been  present  in 
the  blood,  but  this  is  no  necessary 
part  of  the  hypothesis,  which  mani- 
festly applies  to  plants  and  the  lowest 
animals.  Mr.  Gallon,  in  a  letter  to 
*  Nature '  (April  27,  1871,  p.  502),  also 
criticises  various  incorrect  expressions 
used  bv  me.  On  the  other  hand, 
several  writers  have  spoken  favour- 
ably of  the  hyi>othesis,  but  there 
would  be  no  use  in  givinpj  references 
to  thrir  articles.  1  may,  however, 
refer  to  Dr.  Ross*  w(»rk,  'The  Graft 
Theory  of  l)ise;i>e;  bt^ng  an  applica- 
cation  of  Mr.  Darwin's  hypothesis  of 
J*angene>i.s'  1872,  as  he  gives  several 
original  an  I  ingenious  disru^c.-irn'*. 
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subjects,  not  hitherto  discussed,  must  be  treated  at  dispropor- 
tionate length.  In  the  Second  Part  the  hypothesis  will  bo 
given ;  and  after  considering  how  far  the  necessary  assump- 
tions are  in  themselves  improbable,  we  shall  see  whether  it 
sen'cs  to  bring  imder  a  single  point  of  view  the  various  facts. 

Part  I. 

Reproduction  may  be  divided  into  two  main  classes,  namely, 
Kcxu:il  and  asexual.  The  latter  is  effected  in  many  ways — by 
the  formation  of  buds  of  various  kinds,  and  by  fissi parous 
generation,  that  is  by  spontaneous  or  artificial  division.  It  is 
notorious  that  some  of  the  lower  animals,  when  cut  into  many 
pieces,  rei)roduce  so  many  perfect  individuals :  Lyonnet  cut  a 
Nais  or  freshwater  worm  into  nearly  forty  pieces,  and  these 
all  reproduced  perfect  animals.^  It  is  probable  that  segmen- 
tation could  be  carried  much  further  iil*somo  of  the  protozoa ; 
and  with  some  of  the  lowest  plants  each  cell  will  reproduce 
the  parent-form.  Johannes  Miiller  thought  that  there  was  an 
important  distinction  between  gemmation  and  fission  ;  for  in 
the  latter  case  the  divided  portion,  however  small,  is  more 
fully  developed  than  a  bud,  which  also  is  a  younger  formation ; 
but  most  physiologists  are  now  con  vuncod  that  the  two  processes 
are  essentially  alike.^  Ih-of.  Huxley  remarks,  "  fission  is  little 
"  more  than  a  peculiar  mode  of  budding,"  and  Prof.  IJ.  J. 
Clark  shows  in  detail  that  there  is  sometimes  "  a  compro- 
"  mi 80  between  self-division  and  budding."  When  a  limb 
is  amputated,  or  when  the  whole  body  is  bisected,  the  cut 
i'xtremitics  are  said  to  bud  forth ;  *  and  as  the  papilla,  which 
is  first  funned,  consists  of  undeveloped  cellular  tissue  like 
tliat  forming  an  ordinary  bud,  the  expression  is  apparently 
correct.     We  see   the  connection  of  the   two   processes  in 


•  Quoted  bv  Paget,  *  Lectures  on 
Pathology/  18:>3,  p.  150. 

'  I>r.  Lirhm.inn,  nlso,  observes 
(*  Auuals  an.l  Mag.  of  Nat.  History.' 
Jn  I  M-riits,  vol.  xix.,  18o7,  p.  *J;J1) 
with  res]><>ct  to  infuKoria,  thnt  **tissA- 
*'  tioii  and  gemmation  luiss  into  each 
"  other  almost  imperceptibly."  Again, 
Mr.  W.  C.  Minor  ('Annals'and  Mag. 
of  Nat.  Hist.,'  3rd  series,  vol   x'l.  p. 


328)  shows  that  with  AnnelivU  the 
distinction  that  has  been  made  be- 
tween fission  and  budding  is  not  a 
fundamental  one.  ♦^••■,  also,  Pro- 
foHsor  Clark's  work,  *  Mind  in  Nature,* 
New  York,  186'),  pp.  HJ,  f>V. 

*  See  Bonnet.  *<Euvres  d'Hist. 
Nat.,'  tom.  T.,  1781,  p.  339,  for 
remarks  on  the  budding-out  of  tlie 
amputate]  limbs  of  SaUnunders. 
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another  way ;  for  Trembley  observed  with  the  hydra,  that 
the  reproduction  of  the  head  after  amputation  was  checked  aa 
soon  as  the  animal  put  forth  reproductive  gemma?.* 

Between  the  production,  by  fissiparous  generation,  of  two 
or  more  complete  individuals,  and  the  repair  of  even  a  very 
slight  injury,  there  is  so  perfect  a  gradation,  that  it  is 
impossible  to  doubt  that  the  two  processes  are  connected.  As 
at  each  stage  of  growth  an  amputated  part  is  replaced  by  one 
in  the  same  state  of  development,  we  must  also  follow  Sir  J. 
Paget  in  admitting,  "  that  the  powers  of  development  from  the 
**  embryo,  are  identical  with  those  exercised  for  the  restora- 
**  tion  from  injuries  :  in  other  words,  that  the  powers  are  the 
"  same  by  which  perfection  is  first  achieved,  and  by  which, 
"  when  lost,  it  is  recovered."  *  Finally,  we  may  conclude 
that  the  several  forms  of  budding,  fissiparous  generation,  the 
repair  of  injuries,  and  development,  are  all  essentially  the 
results  of  one  and  the  same  power. 

Sexual  Generation. — The  union  of  the  two  sexual  elements 
seems  at  first  sight  to  make  a  broad  distinction  between 
sexual  and  asexual  generation.  But  the  conjugation  of 
algae,  by  which  process  the  contents  of  two  cells  unite  into  a 
single  mass  capable  of  development,  apparently  gives  us  the 
first  step  towards  sexual  union :  and  Pringsheim,  in  his 
memoir  on  the  pairing  of  Zoospores,^  shows  that  conjugation 
graduates  into  time  sexual  reproduction.  Moi*eover,  the  now 
well-ascertained  cases  of  Parthenogenesis  prove  that  the 
distinction  between  sexual  and  asexual  generation  is  not 
nearly  so  great  as  was  formerly  thought ;  for  ova  occasion- 
ally, and  even  in  some  cases  frequently,  become  developed  into 
perfect  beings,  without  the  concourse  of  the  male.  With 
most  of  the  lower  animals  and  even  with  mammals,  the  ova 
show  a  trace  of  parthenogenetic  power,  for  without  being 
fertilised  they  pass  through  the  first  stages  of  segmentation.** 
Nor  can  p>eudova  which  do  not  need  fertilisation,  be  dis- 

•  Paget,   *  Lectures  on    Pathology,'       holil,  "  Ueber  Parthenogene>iis,*'  *Sit 
1853,  p.  108.  zung  «ler  math.  phvs.  Clause.*  Munich, 

•  Ibid.,  pp.  152,  IGi.  Nov.  4th,  1871,  p.  240.     ^^valsoQua- 
'  Translated  in  *Annai.s  and    Mai;.       trefagcs, 'AnnalesdesS<\  Xat.  2Ux>lojj./ 

nf  Xat.  Hist.,'  April,  1870,  p.  272.   ^         ard  Series  ISoO,  p.  138. 

•  IJischoff.  as  quoted  by  von   Sjp- 
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tinguishcd  from  true  ova,  as  was  first  shown  by  Sir  J. 
Lubbock,  and  is  now  admitted  by  Siebold.  So,  again,  the 
germ-balls  in  the  larvae  of  Cecidomyia  are  said  by  Leuckart  * 
to  bo  formed  within  the  ovarium,  but  they  do  not  require  to 
be  fertilised.  It  should  also  be  observed  that  in  sexual 
generation,  the  ovules  and  the  male  element  have  equal  power 
of  transmitting  every  single  character  possessed  by  either 
l)arent  to  their  oflfspring.  We  see  this  clearly  when  hybrids 
are  paired  inter  «c,  for  the  characters  of  both  grandparents 
often  appear  in  the  progeny,  either  perfectly  or  by  segments. 
It  is  an  error  to  suppose  that  the  male  transmits  certain 
characters  and  the  female  other  characters;  although  no  doubt, 
from  unknown  causes,  one  sex  sometimes  has  a  much  stronger 
power  of  transmission  than  the  other. 

It  has,  however,  been  maintained  by  some  authoi's  that  a 
bud  differs  essentially  from  a  fertilised  germ,  in  always  re- 
producing the  perfect  character  of  the  parent-stock ;  whilst 
fertilised  germs  give  birth  to  variable  beings.  But  there  is 
no  such  broad  distinction  as  this.  In  the  eleventh  chapter 
numerous  cases  were  advanced  showing  that  buds  occasionally 
grow  into  plants  having  quite  new  characters ;  and  the 
varieties  thus  produced  can  be  propagated  for  a  length  of 
lime  by  buds,  and  occasionally  by  seed.  Nevertheless,  it  must 
be  admitted  that  beings  produced  sexually  are  much  more 
liable  to  vary  than  those  produced  asexually ;  and  of  this  fact 
a  partial  explanation  will  hereafter  be  attempted.  The 
variability  in  both  cases  is  determined  by  the  same  general 
causes,  and  is  governed  by  the  same  laws.  Hence  now 
varieties  arising  fi*om  buds  cannot  be  distinguished  from 
those  arising  from  seed.  Although  bud-varieties  usually 
ix'tain  their  character  during  successive  bud-generations,  yet 
they  occasionally  revert,  oven  after  a  long  series  of  bud- 
generations,  to  their  former  character.  This  tendency  to 
n* version  in  buds,  is  one  of  the  most  remarkable  of  the  several 
points  of  agreement  between  the  offspring  from  bud  and 
seminal  reproduction. 

But  there  is  one  difference  between  organisms   produced 

*  '  On  the  AkcxuaI  Reprodaction  of      *  Annals    and   M.ig.   of   Nat.    Hist, 
(V'iloniyi'le    Lnrva',*    translated    in       March,  1860,  pp.  107,  171. 
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aexnall  V  *iLii  asemallj.  wMck  m  t^tt  genenL     The  Ibrmer 
ftias  in  tKe  course  of  their  development  from  a  \erv  loi^  stage 
t.)  their  hi;irhetst  staje.  as  we  see  in  the  metamorphoses  of  insects 
an  I  of  mAnr  other  animAls.  and  in  the  concealed  metamorphoses 
of  the  vertebrata.       Animals  propagated  asexoallT  by  bnds 
or  fission,  on  the  C'ther  hand,  commence  their  derelopment  at 
that  staire  at  whioh  the  bnd'iin^  or  self-dividing  animal  may 
happen  to  be,  and  therefore  do  not  pass  through  some  of  the 
lower  developmental  stages. '^  *    Afterwards,  they  often  advance 
in  oriranLsation.  as  we  see  in  the  manv  cases  of  *^  alternate 
generation.*^      Im  thns  speaking  of  alternate  generation,  I 
foUow  those  natnralists  who  loi>k  at  this  process  as  essentially 
one  of  internal  budding  or  of  fiasiparons  generation.     Some 
of  the  lower  plants,  however,  snch  as  mo^es  and  certain  algie, 
acoDrding  to  Dr.  L.  Ra*ilkofer,"  when  propagatei  asexnally,  do 
undergi>  a  retrogressive  metamor]»hoeis.     As  far  as  the  final 
cause  i<  o:»ncemed,  we  can  to  a  certain  extent  understand  ^rhv 
Kin^  pD:»pag:*te»i  by  bu«ls  sh«"vuld  not  pass  throngh  all  the 
Oiirly  stages  of  development ;    for  with  each   organism  the 
strncture   ao|uire*l   at   each   stage   must   le   adapted    to  its 
f>f:*^uliar  habits :  and  if  there  are  places  for  the  support  of  many 
individuals  at  S'Dme  one  stage,  the  simplest  plan  will  be  that 
they  should  be  multiplieii  at  this  stage,  and  not  that  they 
fthonld  first  retrograde  in  their  development  to  an  earlier  or 
«impler  structure,  whioh   might  not   be  fitted  fcr  the  then 
surrounding  conditions. 

From  the  several  foreji^oino:  considerations  we  mav  conclndo 
that  the  difference  l:»etween  sexual  and  asexual  generation 
is  not  nearly  so  great  as  at  first  appears  ;  the  chief  difference 
iK.'in;'  that  an  o^-ule  cannot  continue  t<^  live  and  to  be  fallv 
develo[»e*l  unless  it  unites  with  the  male  element ;  but  even 
this  difference  is  far  from  invariable,  as  shown  by  the  many 
cases  of  ]»arthenogenesis.  We  are  therefore  naturally  led  to 
inquire  what   the   final   cause   can   Ik?   of  the   necessity    in 

'•  Pruf.  AlliD.in  .•»j»*raks  ('Tram>nct.  '•  of  z»x-»i  Js,  that  no  rotrogre.-ii.ioii  ever 

f».  Hftr.  of  t>linburj(h/  vol.  xxvi.,  1870,  "  takes  plare  in  the  series." 
p.  h>2)  (\*ic\>\\n]y  on  this  head  with  '*  *  Annals  and  Mag.  of  Nat.  Hist., 

re^jHjct  to  the  Hyilroida  :  he  savs, '*  Jt  2n.l  scries,  vol.  xx.,    1957,  pp,   liki- 

'*  ii  a  Uhi vernal  law  in  the  succession  455 
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ordinary  generation  for  the  concourse  of  the  two  sexual 
elements. 

Seeds  and  ova  are  often  highly  serviceable  as  the  means  of 
disseminating  plants  and  animals,  and  of  preserving  them 
during  one  or  more  seasons  in  a  dormant  stote ;  but  un- 
impregnated  seeds  or  ova,  and  detached  buds,  would  be  equally 
serviceable  for  both  purposes.  Wo  can,  however,  indicate 
two  important  advantages  gained  by  the  concourse  of  .the 
two  sexes,  or  rather  of  two  individuals  belonging  to  opposite 
sexes ;  for,  as  I  have  shown  in  a  former  chapter,  the  structure 
of  every  organism  appears  to  be  especially  adapted  for  the 
concurrence,  at  least  occasionally,  of  two  individuals.  AVhen 
species  are  rendered  highly  variable  by  changed  conditions 
of  life,  the  free  intercrossing  of  the  varying  individuals 
tends  to  keep  each  form  fitted  for  its  proper  place  in  nature  ; 
and  crossing  can  be  effected  only  by  sexual  generation  ;  but 
whether  the  end  thus  gained  is  of  sufhcient  importance  to 
account  for  the  first  origin  of  sexual  intercourse  is  extremely 
doubtful.  Secondly,  I  have  shown  from  a  large  body  of 
facts,  that,  as  a  slight  change  in  the  conditions  of  life  is 
beneficial  to  each  creature,  so,  in  an  analogous  manner,  is  the 
change  effected  in  the  germ  by  sexual  union  with  a  distinct 
individual ;  and  I  have  been  led,  from  observing  the  many 
widely-extended  provisions  throughout  nature  for  this  purpose, 
and  from  the  greater  vigour  of  crossed  organisms  of  all 
kinds,  as  proved  by  direct  experiments,  as  w^ell  as  from  the 
evil  effects  of  close  interbreeding  when  long  continued,  to 
l)clievc  that  the  advantage  thus  gained  is  very  great. 

Why  the  germ,  which  before  impregnation  undergoes  a 
certain  amount  of  development,  ceases  to  progress  and 
perishes,  unless  it  be  acted  on  by  the  male  element;  and 
why  conversely  the  male  element,  which  in  the  case  of  some 
insects  is  enabled  to  keep  alive  for  four  or  five  years, 
and  in  the  case  of  some  plants  for  several  years,  likewise 
jKrishcs,  unless  it  acts  on  or  unites  with  the  germ,  are 
(juestions  which  cannot  be  answered  with  certainty.  It  is, 
however,  probable  that  both  sexual  elements  perish,  unless 
brought  into  union,  simply  from  including  too  little  formative 
matter  for  independent  development.    Quatrcfages  has  shown 
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in  the  case  of  the  Tereclo,^^  as  did  formerly  Provost  and  Dumas 
with  other  animals,  that  more  than  one  spermatozoon  is 
requisite  to  fertilise  an  ovum.  This  has  like^vise  been  shown 
by  Newport,^^  who  proved  by  numerous  experiments,  that, 
when  a  very  small  number  of  spermatozoa  are  applied  to  the 
ova  of  Batrachians,  they  are  only  partially  impregnated,  and 
an  embryo  is  never  fully  developed.  The  rate  also  of  tho 
soginentation  of  the  ovum  is  determined  by  the  number  of  the 
spermatozoa.  With  respect  to  plants,  nearly  the  same  results 
were  obtained  by  Kolreuter  and  Giirtner.  This  last  careful 
observer,  after  making  successive  trials  on  a  Malva  with 
more  and  more  pollen-grains,  found,**  that  even  thirty  grains 
did  not  fertilise  a  single  seed ;  but  when  forty  grains  were 
applied  to  the  sfigma,  a  few  seeds  of  small  size  were  formed. 
In  tho  case  of  Mirabilis  the  pollen  grains  are  extraordinarily 
largo,  and  the  ovarium  contains  only  a  single  ovule ;  and 
these  circumstances  led  Naudin**  to  make  the  following 
cxiK^rimoiits :  a  flower  was  fertilised  by  three  grains  and 
succoodod  ix'rfeotly ;  twelve  flowers  were  fertilised  by  two 
grains,  and  seventeen  flowers  by  a  single  grain,  and  of  these 
one  flower  alone  in  each  lot  perfected  its  seed:  and  it  deserves 
especial  notice  that  the  plants  produced  by  these  two  secils 
never  attained  their  proper  dimensions,  and  bore  flowers  of 
remarkably  small  size.  From  these  facts  we  clearly  see  that 
tho  quantity  of  tho  peculiar  formative  matter  which  is 
contained  within  tho  spermatozoa  and  pollen-grains  is  an  all- 
important  element  in  the  act  of  fertilisation,  not  only  for 
tho  full  development  of  tho  seed,  but  for  tlio  vigour  of  the 
plant  produced  from  such  seed.  We  see  something  of  tho 
same  kind  in  certain  cases  of  parthenogenesis,  that  is,  when 
the   male   element   is   wholly   excluded;    for   M.  Jourdan  *^ 

'*  *  Annalesdes  So.  Nat./ 3rd  series,  Weijenherj^h    also    rai.^od    (*  Nature/ 

18.')0,  tuni.  xiii.  Dec.  21,  1871,  p.  140)  two  successive 

'*  *  Transact.  Phil.  Soc.,'  1851,  pp.  generations  from    unimpregnateti  fe- 

10»5,  2^*S,  *JlO;   l«r»;5,  pp.  IM'),  'J47.  males  ol' another  lepiJopterous  insect, 

'*  *Ii«'itrage   zur    Keontnis.s/    &c.,  Liixiris  diyfir.      These    females    di-l 

1844,  s.  .'Uo.  not  pro<luce  at   most   one-twentieth 

'*  *  Nouvelles    Archives     du    Mu-  of  their  full  complement  of  e<^gs,  anl 

beum,'  tom.  i.  p.  27.  many   of  the   eggs    were   worthletts. 

*•  As  quoted  by  Sir  J.  Lubbock  in  Moreover  the  caterpillars  raised  from 

•Nat:   Hist.   iJevicw  *  1862,   p.  345.  these  unfertilised  egg «  *'pos.seMei  far 
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found  that,  out  of  about  58,000  eggs  laid  by  unimprcgnated 
silk-moths,  many  passed  through  their  early  embryonic 
stages,  showing  that  they  were  capable  of  self-development, 
but  only  twenty-nine  out  of  the  whole  number  produced 
caterpillars.  The  same  principle  of  quantity  seems  to  hold 
^(jod  even  in  artificial  fissiparous  reproduction,  for  HaeckeP^ 
found  that  by  cutting  the  segmented  and  fertilised  ova  or 
larvai  of  Siphonophor*  (jelly-fishes)  into  pieces,  the  smaller 
the  pieces  were,  the  slower  was  the  rate  of  development,  and 
the  larv®  thus  produced  were  by  so  much  the  more  imperfect 
and  inclined  to  monstrosity.  It  seems,  therefore,  probable 
that  with  the  separate  sexual  elements  deficient  quantity 
of  formative  matter  is  the  main  cause  of  their  not  having 
the  capacity  for  prolonged  existence  and  development,  unless 
they  combine  and  thus  increase  each  other's  bulk.  'J'he  belief 
that  it  is  the  function  of  the  spermatozoa  to  communicate 
life  to  the  ovule  seems  a  strange  one,  seeing  that. the  un- 
imprcgnated ovule  is  already  alive  and  generally  undergoes  a 
certain  amount  of  independent  development.  Sexual  and 
asexual  reproduction  are  thus  seen  not  to  differ  essentially  ; 
and  wo  have  already  shown  that  asexual  reproduction,  the 
power  of  re-growth  and  development  are  nil  j)arts  of  one  and 
the  same  great  law. 

Re-growth  ofamptitated  parts, — This  subject  deserves  a  little 
further  discussion.  A  multitude  of  the  lower  animals  and 
KOI  lie  vertebrates  possess  this  wonderful  power.  For  instance, 
Spallanzani  cut  off  the  legs  and  tail  of  the  same  salamander  six 
times  successively,  and  Bonnet,'*  did  so  eight  times;  and  on 
each  occasion  the  limbs  were  reproduced  on  the  exact  line  of 
amputation,  with  no  part  deficient  or  in  excess.  An  allied 
animal,  the  axolotl,  had  a  limb  bitten  off,  which  was  re- 
produced  in   an   abnormal    condition,   but   when   this   was 


loss  vitality  "  than  those  from  ferti-  "  Spallanzani,  *An  Essay  on  Animnl 

lise'l   eggs,     hi  the  third   partheno-  Heproduction,*     translated     by     Dr. 

i;enetic  generation  not  a  single  egg  Maty,  1769,  p.  79.    Bonnet,  *(EuvreH 

\  iilded  a  cateq)illar.  d'Hist.   Nat.,*  tom.    v.,   part  i.,   4to. 

"    *  Kntwickelungsgeschichte     dcr  edit.,  1781,  pp.  343,  350. 
*<iphonophora,'  1869,  p.  73. 
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amputated  it  wa«  replaced  by  a  perfect  limbJ*  The  ncnv 
limbfi  in  these  cases  bad  forth,  and  are  developed  in  the  same 
manner  as  during  the  regular  development  of  a  young  animal. 
For  instance,  with  the  Amhlyfiima  Ittrida,  three  toes  are  first 
developed,  then  the  fourth,  and  on  the  hind-feet  the  fifth, 
and  so  it  is  with  a  reproduced  limb.^® 

The  power  of  re-growth  is  generally  much  greater  during 
the  youth  of  an  animal  or  during  the  earlier  stages  of  its  de- 
velopment than  during  maturity.  The  larvw  or  tadpoles  of  the 
Batrachians  are  capable  of  reproducing  lost  members,  but 
not  so  the  adults.'^  Mature  insects  have  no  power  of  re- 
grovrthj  excepting  in  one  order,  whilst  the  larvae  of  many  kinds 
have  this  power.  Animals  low  in  the  scale  arc  able,  as  a 
general  rule,  to  reproduce  lost  parts  far  more  easily  than  those 
which  are  more  highly  organised.  The  myriapods  offer  a  good 
illustration  of  this  i*ule;  but  there  are  some  strange  ex- 
ceptions to  it — thus  Nemerteans,  though  lowly  organised,  are 
said  to  exhibit  little  power  of  re-growth.  AVith  the  higher 
vertebrata,  such  as  birds  and  mammals,  the  power  is  extremely 
limitcd.'^^ 

In  the  case  of  those  animals  which  may  be  bisected  or 
chopped  into  pieces,  and  of  which  every  fragment  will 
reproduce  the  whole,  the  power  of  rc-growth  must  be  diffused 
throughout  the  whole  body.  Nevertheless  there  seems  to  bo 
much  truth  in  the  view  maintained  by  Prof.  Lessona,^^  that 
this  capacity  is  generally  a  localised  and  special  one,  serving 
to  replace  parts  which  are  eminently  liable  to  be  lost  in  each 
particular  animal.  The  most  striking  case  in  favour  of  this 
view,  is  that  the  terrestrial  salamander,  according  to  Lessona, 
cannot  reproduce   lost   parts,  whilst  another  si)ecies  of  the 

"  Vulpian,    as    quotel    l»y    Prof.  this   member,   it   was   asserted,    ha-i 

Faivre,  *  La  Variabilite  des  Ksi>cces,*  been  thrice  reproduced ;  having  been 

1868,  p.  112.  lost,  I  presume,  each  time  by  disease. 

*•  Dr.  P.  Hoy,  'The  American  Natu-  Sir  J.  I'aget  informs  me  that  he  feels 

raiist,'  Sept.  1871,  p.  579.  Rome  doubt  about  the  facts  recorded 

*'  Dr.  Gilnther,   in  Owen*s  'Ana-  by  Sir  J.  Simpson  (*  Monthly  .Tournal 

tomy  of  Vertebrates/  vol.  i.,  186G,  p.  of  Medical  Science,'  blinburgh,  1848, 

TiG?.     Sf>allanzani    has  made  ttimilar  new  series,  vol.  ii.  p.  89o)  of  the  re- 

ob^rvations.  growth  of  limbs  in  the  womb  in  the 

"  A  thrush   was  exhibited  before  case  of  man. 
the  British  Association   at   Hull,  in  "  '  AttidellaSoc.  Ital.  di  Sc.  Nat.,* 

1853.  which  had  lost  iU  tarsus,  and  vol.  li.,  1869,  p.  493. 
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same  genus,  tlio  aquatic  salamander,  has  extraordinary  powers 
of  re-growth,  as  wo  have  just  seen ;  and  this  animal  is 
eminently  liable  to  have  its  limbs,  tail,  eyes  and  jaws  bitten 
off  by  other  tritons.^*  Even  with  the  aquatic  salamander 
the  capacity  is  to  a  certain  extent  localised,  for  when  M. 
Philipeaux,'"^^  extirpated  the  entire  fore-limb  together  with 
the  scapula,  the  power  of  re-growth  was  completely  lost.  It 
is  also  a  remarkable  fact,  standing  in  opposition  to  a  very 
general  rule,  that  the  young  of  the  aquatic  salamander  do  not 
ix)88e8s  the  power  of  repairing  their  limbs  in  an  equal  degree 
with  the  adults;^'  but  I  do  not  know  that  they  are  more  ' 
active,  or  can  otherwise  better  escape  the  loss  of  their  limbs, 
than  tlie  adults.  The  walking-stick  insect,  Diapheromera 
femorata,  like  other  insects  of  the  same  order,  can  reproduce 
its  legs  in  the  mature  state,  and  these  from  their  great  length 
must  be  liable  to  be  lost :  but  the  capacity  is  localised  (as  in 
tlic  case  of  tlic  salamander),  for  Dr.  Scudder  found,^^  that  if 
the  limb  was  removed  within  the  trochan to- femoral  articula- 
ticm,  it  was  never  renewed.  AVhen  a  crab  is  seized  by  one  of 
its  legs,  this  is  thrown  off  at  the  basal  joint,  being  afterwards 
replaced  by  a  new  leg ;  and  it  is  generally  admitted  that  this 
is  a  special  provision  for  the  safety  of  the  animal.  Lastly, 
with  gasteropod  molluscs,  which  are  well  known  to  have  the 
power  of  reproducing  their  heads,  Lessona  shows  that  they 
are  very  liable  to  have  their  heads  bitten  off  by  fishes ;  the 
rest  of  the  body  being  protected  by  the  shell.  Even  with 
plants  we  see  something  of  the  same  kind,  for  non-deciduous 
leaves  and  young  stems  have  no  power  of  re-growth,  these 
parts  being  eaiiily  replaced  by  growth  from  now  buds;  whilst 
the  bark  and  subjacent  tissues  of  the  trunks  of  trees  have 
great  i)ower  of  re-growth,  probably  on  account  of  their  increase 
in  diameter,  and  of  their  liability  to  injury  from  being 
gnawed  by  animals. 

"  lA>ss«ona  stntoA  that  this  is  so  »n  v.  p.  294,  asi|uotcd  liy  Prof.  RoUcstiu 

th<;  jjaper  juj»t  referred  to.     Sre  also  in  his  remarkable  address  to  the  3Gth 

*  The     American    Naturalist,'    Sept.  annual  meeting  of  the  British 'Medical 

1H71.  p.  579.  Association. 

"  '  Comptes  Reudus,*  Oct.  1,  1860,  »'  « Proc.  Boston  Soc.  of  Nat.  Hist./ 

and  June,  1867.  vol.  xii.,  1868-69,  p.  I. 

'"'  Bonnet,  *  (£urrc«  Hi»t  Nat.,*  vol. 
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Gra/l'hybrtdi. — It  is  well  known  from  innumeniUe  trials 
made  in  all  parts  of  the  world,  that  buds  may  be  inaerted 
into  a  stock,  and  that  the  plants  thus  raised  are  not  affected 
in  a  greater  degree  than  can  be  acconnted  for  by  cbiaigcd 
nutrition.  Nor  do  the  seedlings  raised  from  snch  inaerted 
buds  partake  of  the  character  of  the  stock,  thongh  they  are 
more  liable  to  vary  than  are  seedlings  from  the  same  variety 
growing  on  its  own  roots.  A  bud,  also,  may  sport  into  a  new 
and  strongly-marked  variety  without  any  other  bud  on  the 
same  plant  being  in  the  least  degree  affected.  We  may  there- 
fore infer,  in  accordance  with  the  common  view,  that  each 
bud  is  a  distinct  individual,  and  that  its  formative  elements 
do  not  spread  beyond  the  parts  subsequently  developed 
from  it.  Nevertheless,  we  have  seen  in  the  abstract  on 
graft  hybridisation  in  the  eleventh  chapter  that  buds  certainly 
include  formative  matter,  which  can  occasionally  combine 
with  that  included  in  the  tissues  of  a  distinct  variety  or 
species ;  a  plant  intermediate  between  the  two  parent-forms 
])!.ing  thus  produced.  In  the  case  of  the  potato  we  have  seen 
tliat  the  tulxjrs  produced  from  a  bud  of  one  kind  inserted  into 
another  are  intermediate  in  colour,  size,  shape  and  state  of 
surface ;  that  the  st^jms,  foliage,  and  even  certain  constitutional 
jKJCuliarities,  such  as  precocity,  are  likewise  intermediate. 
With  these  well-established  cases,  the  evidence  that  graft- 
hybrids  have  also  been  j>roduced  with  the  laburnum,  orange, 
vine,  rose,  &c.,  seems  sufficient.  But  we  do  not  know 
under  what  conditions  this  rare  form  of  reproduction  is 
]K»8sible.  From  these  several  cases  we  learn  the  important 
fact  that  formative  elements  capable  of  blending  with  thoso 
of  a  distinct  individual  (and  this  is  the  chief  character- 
istic of  sexual  generation),  are  not  confined  to  the  repro- 
ductive organs,  but  are  present  in  the  buds  and  cellular  tissue 
of  jilants;  and  this  is  a  fact  of  the  highest  i>hy8iological 
importance. 

Direct  Action  of  the  Male  Element  on  the  Female. — In 
the  eleventh  chapter,  abundant  proofs  were  given  that 
foreign  pollen  occasionally  affects  in  a  direct  inanner  the 
mother-jdant.  Thus,  when  Gallesio  fertilised  an  orange- 
flower  with   jwllen   from  the  lemon,   the  fruit  bore  stripes 
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of  perfectly  characterised  lemon-peel.  With  peas,  several 
observers  have  seen  the  colour  of  the  seed-coats  and  even 
of  the  pod  directly  aflFected  by  the  pollen  of  a  distinct 
variety.  So  it  has  been  with  the  fruit  of  the  apple,  which 
consists  of  the  modified  calyx  and  upper  part  of  the  flower- 
stalk.  In  ordinary  cases  these  parts  are  wholly  formed  by 
the  mother-plant.  We  hero  see  that  the  formative  elements 
included  within  the  male  element  or  pollen  of  one  variety 
can  affect  and  hybridise,  not  the  part  which  they  are  properly 
adapted  to  affect,  namely,  the  ovules,  but  the  partially-developed 
tissues  of  a  distinct  variety  or  species.  We  are  thus  brought 
half-way  towards  a  graft-hybrid,  in  which  the  formative 
elements  included  within  the  tissues  of  one  individual  com- 
bine with  those  included  in  the  tissues  of  a  distinct  variety 
or  species,  thus  giving  rise  to  a  new  and  intermediate  form, 
independently  of  the  male  or  female  sexual  organs. 

With  animals  which  do  not  breed  until  nearly  mature,  and 
of  which  all  the  parts  are  then  fully  developed,  it  is  hardly 
possible  that  the  male  element  should  directly  affect  the 
female.  But  wo  have  the  analogous  and  perfectly  well-ascer- 
tained case  of  the  male  element  affecting  (as  with  the 
quagga  and  Lord  Morton*s  mare)  the  female  or  her  ova,  in 
such  a  manner  that  when  she  is  impregnated  by  another 
male  her  offspring  are  affected  and  hybridised  by  the  first 
male.  The  explanation  would  be  simple  if  the  spermatozoa 
(!ould  keep  alive  within  the  body  of  the  female  during  the 
long  interval  whicli  has  sometimes  elapsed  between  the  two 
acts  of  imi)regnation ;  but  no  one  will  suppose  that  this  is 
possible  with  the  higher  animals. 

Develojymcnt, — The  fertilised  germ  reaches  maturity  by  a 
vast  number  of  changes :  these  are  either  slight  and  slowly 
effected,  as  when  the  child  grgws  into  the  man,  or  are  great 
and  sudden,  as  with  the  metamorphoses  of  most  insects. 
Between  these  extremes  wo  have  every  gradation,  even  within 
the  same  class ;  thus,  as  Sir  J.  Lubbock  has  shown,^®  there 
i.s  an  Ephemorous  insect  which  moults  above  twenty  times, 
undergoing  each  time  a  slight  but  decided  change  of  structure  ; 
and  these  changes,  as  ho  further  remarks,  probably  reveal  to 

»•  'TraDsact.  Linn.  Soc.,'  vol.  xxir.,  1863,  p.  62. 
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118  the  normal  stages  of  development,  which  are  concealed 
and  hnrried  through  or  suppressed  in  most  other  insects. 
In  ordinary  metamorphoses,  the  parts  and  organs  appear  to 
become  changed  into  the  corresponding  parts  in  the  next 
stage  of  development ;  but  there  is  another  form  of  develop- 
ment, which  has  been  called  by  Professor  Owen  metagenesis. 
In  this  case  *^  the  new  parts  are  not  moulded  upon  the  inner 
**  surface  of  the  old  ones.  The  plastic  force  has  changed  its 
"  course  of  operation.  The  outer  case,  and  all  that  gave  form 
"  and  character  to  the  precedent  individual,  perish  and  are 
"cast  off;  they  are  not  changed  into  the  corresponding  parts 
"  of  the  new  individual.  These  are  due  to  a  new  and  distinct 
"  developmental  process,"  <tc.^'  Metamorphosis,  however, 
graduates  so  insensibly  into  metagenesis,  that  the  two  pro- 
cesses cannot  be  distinctly  separated.  For  instance,  in  the 
last  change  which  Cirripedes  undergo,  the  alimentary  canal 
and  some  other  organs  are  moulded  on  pre-existing  parts  ; 
but  the  eyes  of  the  old  and  the  young  animal  are  developc<l 
in  entirely  different  parts  of  the  body  ;  the  tips  of  the  mature 
limbs  are  formed  within  the  larval  limbs,  and  may  be  said 
to  bo  metamorphosed  from  them ;  but  their  basal  portions 
and  the  whole  thorax  are  developed  in  a  plane  at  right  angles 
to  the  larval  limbs  and  thorax ;  and  this  may  be  called 
metagenesis.  The  nictagenctic  process  is  carried  to  an  ex- 
treme point  in  the  development  of  gome  Echinoderms,  for 
the  animal  in  the  second  stage  of  development  is  formed 
almost  like  a  bud  within  the  animal  of  the  first  stage, 
the  latter  being  then  cast  off  like  an  old  vestment,  yet 
sometimes  maintaining  for  a  short  i>eriod  an  independent 
vitality.^« 

If,  instead  of  a  single  individual,  stvoml  were  to  be  thus 
developed  metagenetically  within  a  pre-existing  form,  the 
process  would  be  called  one  of  alternate  generation.  The 
young  thus  developed  may  either  closely  resemble  the  encasing 

'•  'Parthenogenesis,*  1840,  pp.  25,  graduates    into    gemmation  or    zoiJ- 

26.     I*rof.  Huxley  has  Rome  excellent  lormation,  which  iii  in  fact  the  same 

remarks  (*  Medical  Times,'   18o6,  p.  as  metagenesis. 

637)  on  this  subject  in  reference  to  *•  Prof.  J.   Rear  Greene,  in  Giin- 

the  development   of  starfishes,  and  ther*s  *  Record  of  Zoolog.  Lit.,*  18»>.% 

►hows  how  curiously  metamorphosis  p.  625. 
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parent-form,  as  with  the  larvae  of  Cocidomyia,  or  may  differ 
to  an  astonishing  degree,  as  with  many  parasitic  worms  and 
jolly- fishes;  but  this  does  not  make  any  essential  difference 
in  the  process,  any  more  than  the  greatness  or  abruptness  of 
the  change  in  the  metamorphoses  of  insects. 

The  whole  question  of  development  is  of  great  importance 
for  our  present  subject.  AVhen  an  organ,  the  eye,  for  instance, 
is  metagcnetically  formed  in  a  part  of  the  body  where  during 
the  previous  stage  of  development  no  eye  existed,  we  must 
look  at  it  as  a  new  and  independent  growth.  The  absolute 
independence  of  new  and  old  structures,  although  corre- 
sponding in  structure  and  function,  is  still  more  obvious  when 
several  individuals  are  formed  within  a  previous  form,  as  in 
the  cases  of  alternate  generation.  The  same  important  prin- 
ciple probably  comes  largely  into  play  even  in  the  case  of 
aj»parently  continuous  growth,  as  we  shall  see  when  we  con- 
sider the  inheritance  of  modifications  at  corresponding  ages. 

AVo  are  led  to  the  same  conclusion,  namely,  the  independ- 
ence of  parts  successively  developed,  by  another  and  quite 
distinct  group  of  facts.  It  is  well  known  that  many  animals 
iK'longing  to  the  same  order,  and  therefore  not  differing  widely 
from  each  other,  pass  through  an  extremely  different  course 
of  development.  Thus  certain  beetles,  not  in  any  way  re- 
mark a})ly  different  from  others  of  the  same  order,  undergo 
what  has  been  called  a  hyper-metamorphosis — that  is,  they 
pass  through  an  early  stage  wholly  different  from  the  ordinary 
<^rub-like  larva.  In  the  same  sub-order  of  crabs,  namely,  the 
Macroura,  as  Fritz  Miiller  remarks,  the  river  cray-fish  is 
hatched  under  the  same  form  which  it  over  afterwards  retains ; 
the  young  lol)ster  has  divided  legs,  like  a  Mysis ;  the  Palaemon 
apiK>ai*s  under  the  form  of  a  Zoea,  and  Teneus  under  the 
Nauplius-form  ;  and  how  wonderfully  these  larval  forms  differ 
from  one  another,  is  known  to  every  naturalist.^^  Some 
other  crustaceans,  as  the  same  author  observes,  start  from  the 
same  i)oint  and  arrive  at  nearly  the  same  end,  but  in  tlie 

"  Fritz     MiiUer*H    *  Fitr   Darwin,'  Nat.,'  2nd   wrios,  Zoolog.,  torn.  iii.  p. 

18t>4,     K.     6b,     71.       The    highest  322)  on    the  difibrence  in  the  met.i- 

authority  on  crust«c*ean5.  Prof.  Milne-  morpho»i«  of  closely-allied  gencn. 
blward»,    in.M.Nts    (*Annal.   doe    Sci. 
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middle  of  their  development  are  widely  different  from  one 
another.  Still  more  striking  cases  could  be  given  -with 
respect  to  the  Echinodermata.  AVith  the  Medusas  or  jelly- 
fishes  Professor  Allman  observes,  "  The  classification  of  the 
**  Hydroida  would  be  a  comparatively  simple  task  if,  as  has 
''  been  erroneously  asserted,  generically-identical  medusoids 
"  always  arose  from  generically-identical  polypoids ;  and,  on 
**  the  other  hand,  that  generically-identical  polypoids  always 
"  gave  origin  to  generically-identical  medusoids."  So  again. 
Dr.  Strethill  Wright  remarks,  "In  the  life-history  of  the 
"  Ilydroidae  any  phase,  planuloid,  polypoid,  or  medusoid,  may 
"  bo  absent."  ^a 

According  to  the  belief  now  generally  accepted  by  our  best 
naturalists,  all  the  members  of  the  same  order  or  class,  for 
instance,  the  Medusad  or  the  Macrourous  crustaceans,  are 
descended  from  a'  common  progenitor.  During  their  descent 
they  have  diverged  much  in  structure,  but  have  retained 
much  in  common ;  and  this  has  occun*eil,  though  they  have 
passed  through  and  still  pass  through  marvellously  different 
metamorphoses.  This  fact  well  illustrates  how  independent 
each  structure  is  from  that  which  precedes  and  that  which 
follows  it  in  the  course  of  development. 

The  Functional  Independence  of  tlie  Elements  or  Units  of  (he 
Body. — Physiologists  agree  that  the  whole  organism  consists 
of  a  multitude  of  elemental  parts,  which  are  to  a  great  extent 
independent  of  one  another.  Each  organ,  says  Claude 
Bernard,^^  has  its  projxjr  life,  its  autonomy ;  it  can  doveloj) 
and  reproduce  itjself  independently  of  the  adjoining  tissues. 
A  great  German  authority,  Yircliow,^*  asserts  still  more 
emphatically   that   each   system   consists   of  an  "  enormous 

"  mass  of  minute  centres  of  action Every  element  has 

its  own  sjKJcial  action,  and  even  though  it  derive  its  stimulus 
to  activity  from  other  parts,  yet  alone  effects  the  actual 
**  performance  of  duties Every  single  ejnthclial  and 

"  Prof.    Allman,    in  *  Annals   and  hv  Sars. 

Mag.  of  Nat.  Hist.,'  Hrd  scries,  vol.  ' »»  '  Tissiis  Vivants/  1866,  p.  22. 

xiii.,  18G4,  p.  348;    l>r.  S.  Wright,  **  'Cellular    rathologv/   translat. 

ibid.,  vol.  viii.,  1861,   p.  127.      Sec  by  Dr.  Chance,  18'J0,  pp.  14,18,83, 

also  p.  358  for  analogous  statements  460. 
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"  muscular  fibre-cell  leads  a  sort  of  parasitical  existence  in 

"  relation  to  the  rest  of  the  body Every  single  bone- 

**  corpuscle  really  possesses  conditions  of  nutrition  peculiar  to 
**  itself."  Each  element,  as  Sir  J.  Paget  remarks,  lives  its 
appointed  time  and  then  dies,  and  is  replaced  after  being 
cast  off  or  absorbed.^'  I  presume  that  no  physiologist  doubts 
that,  for  instance,  each  bone-corpuscle  of  the  finger  differs 
from  the  corresponding  corpuscle  in  the.  corresponding  joint 
of  the  toe ;  and  there  can  hardly  be  a  doubt  that  even  those 
on  the  corresponding  sides  of  the  body  diflfer,  though  almost 
identical  in  nature.  This  near  approach  to  identity  is 
curiously  shown  in  many  diseases  in  which  the  same  exact 
points  on  the  right  and  left  sides  of  the  body  are  similarly 
affected  ;  thus  Sir  J.  Paget  ^^  gives  a  drawing  of  a  diseased 
pelvis,  in  which  the  bono  has  grown  into  a  most  complicated 
pattern,  but  "  there  is  not  one  spot  or  lino  on  one  side  which 
**  is  not  represented,  as  exactly  as  it  would  be  in  a  miiTor,  on 
"  the  other." 

Many  facts  support  this  view  of  the  independent  life  of 
each  minute  element  of  the  body.  Virchow  insists  that  a 
single  bone-corpuscle  or  a  single  cell  in  the  skin  may  become 
diseased.  The  spur  of  a  cock,  after  being  inserted  into  the 
ear  of  an  ox,  lived  for  eight  years,  and  acquired  a  weight  of 
31) G  grammes  (nearly  fourteen  ounces),  and  the  astonishing 
length  of  twenty-four  centimetres,  or  about  nine  inches ;  so 
that  the  head  of  the  ox  appeared  to  bear  three  homs.^^  The 
tail  of  a  pig  has  been  grafted  into  the  middle  of  its  back,  and 
reacquired  sensibility.  Dr.  Oilier ^^  inserted  a  piece  of  perios- 
teum from  the  l)one  of  a  young  dog  under  the  skin  of  a  rabbit, 
and  true  l)one  was  developed.  A  multitude  of  similar  facts 
could  1)0  given.  Ihe  frequent  presence  of  hairs  and  of  per- 
fectly developed  teeth,  even  teeth  of  the  second  dentition,  in 
ovarian   tumours,^'  are  facts  leading  to  the  same  conclusion. 

'^  Pnjfct.      *  Surgical     Paithology,*  dcs  Os,*  p.  8. 

v(»l.  i.,  1853,  pp.  1*2-14.  '•  Isidore    Geoffrojr    Saint-IIilaire, 

"  Ibid.,  p.  19.  Mlist.   den   Anomalies,'  torn.    ii.   pp. 

*'  See  Vto(.  Mantegazza's  interest-  549,    500,  562;    Virchow,   ibid.,    p. 

ing  work,  *  l>egli  innesti  Animali,'  &c.,  484.     Lawson  Tait,  *  The  Pathology  of 

Milano,  1805,  p.  51,  tab.  3.  Diseases  of  the  Ovaries,*  1874,  pp.  61, 

»•  *I)o    la    Production    ArtificicUe  62. 
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3Ir.  Lawsou  Tait  refers  to  a  tumour  in  which  '^over  300 
teeth  were  found,  resembling  in  many  respects  milk-teeth  ;'* 
and  to  another  tumour,  '^  full  of  hair  which  had  grown  and 
'*  been  shod  from  one  little  spot  of  skin  not  bigger  than  the  tip 
'*  of  my  little  finger.  The  amount  of  hair  in  the  sac,  had  it 
"  grown  from  a  similarly  sized  area  of  the  scalp,  would  have 
**  taken  almost  a  lifetime  to  grow  and  be  shod." 

.Whether  each  of  the  innumerable  autonomous  elements  of 
the  body  is  a  cell  or  the  modified  product  of  a  cell,  is  a  more 
doubtful  question,  even  if  so  wide  a  definition  be  given  to  the 
term,  as  to  include  cell-like  bodies  without  walls  and  without 
nuclei. ^°  The  doctrine  of 'omnts  cdlula  e  celluld  is  admitted 
for  plants,  and  widely  prevails  with  respect  to  animals.^ ^ 
Thus  Virchow,  the  great  supporter  of  the  cellular  theory, 
whilst  allowing  that  difficulties  exist,  maintains  that  every 
atom  of  tissue  is  derived  from  cells,  and  these  from  pre- 
existing cells,  and  these  primarily  from  the  egg,  which  he 
regards  as  a  great  cell.  That  cells,  still  retaining  the  same 
nature,  increase  by  self-division  or  proliferation,  is  admitted 
by  every  one.  But  when  an  organism  undergoes  great 
changes  of  structure  during  development,  the  cells,  which  at 
each  stage  are  supposed  to  be  directly  derived  from  i)reviou8ly 
existing  cells,  must  likewise  be  greatly  changed  in  nature ; 
this  change  is  attributed  by  the  supporters  of  the  cellular 
doctrine  to  some  inherent  power  which  the  cells  possess, 
and  not  to  any  external  agency.  Others  maintain  that  cells 
and  tissues  of  all  kinds  may  be  formed,  independently  of  pre- 
existing cells,  from  plastic  lymph  or  blastema.  Whichever 
view  may  be  correct,  every  one  admits  that  the  body  consists 
of  a  multitude  of  organic  units,  all  of  which  possess  their 
own  proper  attributes,  and  are  to  a  certain  extent  independent 
of  all  others.  Hence  it  will  Ix)  convenient  to  use  indiflferentlv 
the  terms  cells  or  organic  units,  or  simply  units. 

VariahiUty  and  InJieritancc. — We  have  seen  in  the  twenty- 
second  chai)ter  that  variability  is  not  a  principle  co-ordinate 
with  life  or  reji  rod  action,   but  results   from  sj^ccial  causes, 

••  For  the  mwt  roccnt  claRsifioation  •'  Dr.   W.   Turner,   *  The  Present 

of  cells,  9ee  Ernst  Hackel's  ^Generelle        Aspect  of  Cellular  Pathology/  *EdiD- 
M*»rpholo3.,'  Baud  ii.,  186S,  5.  275  burgh  A!edical  Journnl.'  April,  1863. 
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generally  from  changed  conditions  acting  during  Biicccssivo 
generations.  The  fluctuating  variability  thuK  induced  is  ap- 
l)arently  due  in  part  to  the  sexual  system  being  easily  affected, 
so  that  it  is  often  rendered  impotent ;  and  when  not  so 
seriously  affected,  it  often  fails  in  its  proper  function  of 
transmitting  truly  the  characters  of  -the  parents  to  the 
offspring.  But  variability  is  not  necessarily  connected  with 
the  sexual  system,  as  we  see  in  the  cases  of  bud-variation. 
Although  wo  are  seldom  able  to  trace  the  nature  of  the  con- 
nection, many  deviations  of  structure  no  doubt  result  from 
changed  conditions  acting  directly  on  the  organisation,  in- 
dependently of  the  reproductive  system.  In  some  instances 
wo  may  feel  sure  of  this,  when  all,  or  nearly  all  the  individuals 
which  have  been  similarly  exposed  are  similarly  and  defi- 
nitely affected,  of  which  several  instances  have  been  given. 
But  it  is  by  no  moans  clear  why  the  offspring  should  bo 
affected  by  the  exposure  of  the  parents  to  new  conditions, 
and  why  it  is  necessary  in  most  cases  that  several  generations 
should  have  been  thus  exposed. 

1  low,  again,  can  wo  explain  the  inherited  effects  of  the  use 
or  disuse  of  particular  organs  ?  The  domesticated  duck  flies 
less  and  walks  more  than  the  wild  duck,  and  its  limb-bones 
have  become  diminished  and  increased  in  a  corresponding 
manner  in  comparison  with  those  of  the  wild  duck.  A 
horse  is  trainetl  to  certain  paces,  and  the  colt  inherits  similar 
consensual  movements.  The  domesticated  rabbit  becomes 
tame  from  close  confinement;  the  dog,  intelligent  from 
associating  with  man ;  the  retriever  is  taught  to  fetch  and 
carry  ;  and  these  mental  endowments  and  bodily  powers  are 
all  inherited.  Nothing  in  the  whole  circuit  of  physiology  is 
more  wonderful.  How  can  the  use  or  disuse  of  a  particular 
limb  or  of  the  brain  affect  a  small  aggregate  of  reproductive 
cells,  seated  in  a  distant  part  of  the  body,  in  such  a  manner 
that  the  being  developed  from  these  cells  inherits  the  charac- 
ters of  either  one  or  both  parents  ?  Even  an  imperfect  answer 
to  this  question  would  be  satisfactory. 

In  the  chapters  devoted  to  inheritance  it  was  shown  that  a 
multitude  of  newly- acquired  characters,  whether  injurious  or 
beneficial,  whether  of  the  lowest  or  highest  vital  importance, 
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are  often  faithfully  transmitted—  frequently  even  when  one 
parent  alone  possesses  some  new  peculiarity;  and  wo  may 
on  the  whole  conclude  that  inheritance  is  the  rule,  and 
non-inheritance  the  anomaly.  Jn  some  instances  a  character 
is  not  inherited,  from  the  conditions  of  life  being  directly 
opposed  to  its  development;  in  many  instances,  from  the 
conditions  incessantly  inducing  fresh  variability,  as  with 
grafted  fruit-trees  and  highly-cultivated  flowers.  In  the  re- 
maining cases  the  failure  may  be  attributed  to  reversion,  by 
which  the  child  resembles  its  grandparents  or  more  remote 
progenitors,  instead  of  its  parents. 

Inheritance  is  governed  by  various  laws.  Characters  which 
first  appear  at  any  particular  age  tend  to  reappear  at  a  corre- 
sponding age.  They  often  become  associated  with  certain 
seasons  of  the  year,  and  reappear  in  the  offs|)ring  at  a  corre- 
sponding season.  If  they  appear  rather  late  in  life  in  one  sex, 
they  tend  to  reappear  exclusively  in  the  same  sex  at  the 
same  period  of  life. 

'Jlie  principle  of  reversion,  recently  alluded  to,  is  one  of 
<he  most  wonderful  of  the  attributes  of  Inheritance.  It 
proves  to  us  that  the  transmission  of  a  character  and  its 
development,  which  ordinarily  go  together  and  thus  escape 
discrimination,  arc  distinct  powers;  and  these  powers  in  some 
cases  are  even  antagonistic,  for  each  acts  alternately  in  suc- 
cessive generations.  Reversion  is  not  a  rare  event,  depending 
on  some  unusual  or  favourable  combination  of  circumstances, 
but  occurs  so  regularly  with  crossed  animals  and  plants,  and 
so  frequently  with  uncrossed  breeds,  that  it  is  evidently  an 
essential  part  of  the  principle  of  inheritance.  We  know  that 
changed  conditions  have  the  power  of  evoking  long-lost 
characters,  as  in  the  case  of  animals  becoming  feral.  The 
act  of  crossing  in  itself  possesses  this  power  in  a  high  degree. 
What  can  be  more  wonderful  than  that  characters,  which 
have  disappeared  during  scores,  or  hundreds,  or  even  thou- 
sands of  generations,  should  suddenly  reapjxjar  jKJrfectly 
developed,  as  in  the  case  of  pigeons  and  fowls,  both  when 
purely  bred  and  esiKJcially  when  crossed  ;  or  as  with  the 
zebrine  stripes  on  dun-coloured  horses,  and  other  such  cases  ? 
Many  monstrosities  come  under   this  same  head,  as  when 
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nidimcntary  organs  ai*o  redeveloped,  or  when  an  organ  which 
we  must  believe  was  possessed  by  an  early  progenitor  of  the 
species,  but  of  which  not  even  a  rudiment  is  left,  suddenly 
reappears,  as  with  the  fifth  stamen  in  some  Scrophulariaceae. 
We  have  already  seen  that  reversion  acts  in  bud-reproduction ; 
and  we  know  that  it  occasionally  acts  during  the  growth  of 
tlie  same  individual  animal,  especially,  but  not  exclusively,  if 
of  crossed  parentage, — as  in  the  rare  cases  described  of  fowls, 
])igeons,  cattle,  and  rabbits,  which  have  reverted  to  the  colours 
of  one  of  their  parents  or  ancestors  as  they  advanced  in  years. 
We  are  led  to  Ixjlieve,  as  formerly  explained,  that  every 
character  which  occasionally  reapj)ears  is  present  in  a  latent 
form  in  each  generation,  in  nearly  the  same  manner  as  in 
male  and  female  animals  the  secondary  characters  of  the 
opposite  sex  lie  latent  and  ready  to  bo  evolved  when  the 
reproductive  organs  are  injured.  This  comparison  of  the 
secondary  sexual  characters  which  lie  latent  in  both  sexes, 
with  other  latent  characters,  is  the  more  appropriate  from 
the  case  recorded  of  a  Hen,  which  assumed  some  of  the 
masculine  characters,  not  of  her  own  race,  but  of  an  early 
progenitor;  she  thus  exhibited  at  the  same  time  the  re- 
development of  latent  characters  of  both  kinds.  In  every 
living  creature  we  may  feel  assured  that  a  host  of  long-lost 
characters  lie  ready  to  be  evolved  under  proper  conditions. 
How  can  we  make  intelligible  and  connect  with  other  facts, 
this  wonderful  and  common  capacity  of  reversion,  —  this 
power  of  Ciilling  back  to  life  long-lost  characters  ?* 

Tart  II. 

1  have  now  enumerated  the  chief  facts  which  every  one 
would  desire  to  see  connected  by  some  intelligible  bond.  This 
can  be  done,  if  we  make  the  following  assumptions,  and 
much  mav  be  advanced  in  favour  of  the  chief  one.  The 
secondary  assumptions  can  likewise  be  supported  by  various 
physiological  considerations.  It  is  universally  admitted  that 
the  cells  or  units  of  the  Ixxly  increase  by  self-division  or 
proliferation,  retaining  tlio  same  nature,  and  that  they 
ultimately  become  converted  into   tlie   various  tissues  and 
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substances  of  the  body.  Bat  besides  this  means  of  increase 
I  assume  that  the  units  throw  off  minute  granules  which 
are  dispersed  throughout  the  whole  system ;  that  these,  'when 
supplied  with  proper  nutriment,  multiply  by  self-division, 
and  are  ultimately  developed  into  units  like  those  from  which 
they  were  originally  derived.  These  granules  may  be  called 
gemmules.  They  are  collected  from  all  parts  of  the  system 
to  constitute  the  sexual  elements,  and  their  development  in 
the  next  generation  forms  a  new  being ;  but  they  are  like- 
wise capable  of  transmission  in  a  dormant  state  to  future 
generations  and  may  then  be  developed.  Their  development 
depends  on  their  union  with  other  partially  developed  or 
nascent  cells  which  precede  them  in  the  regular  course  of 
growth.  Why  I  use  the  term  union,  will  be  seen  when  we 
discuss  the  direct  action  of  pollen  on  the  tissues  of  the  mother- 
plant.  G  emmules  are  supposed  to  be  thrown  off  by  every  unit, 
not  only  during  the  adult  state,  but  during  each  stage  of 
development  of  every  organism ;  but  not  necessarily  during 
the  continued  existence  of  the  same  unit.  Lastly,  I  assume 
that  the  gemmules  in  their  dormant  state  have  a  mutual 
affinity  for  each  other,  leading  to  their  aggregation  into  buds 
or  into  the  sexual  elements.  Hence,  it  is  not  the  reproduc- 
tive organs  or  buds  which  generate  new  organisms,  but  the 
units  of  which  each  individual  is  composed.  These  assump- 
tions constitute  the  provisional  hypothesis  which  I  have  called 
Pangenesis.  Views  in  many  respects  similar  have  been  pro- 
pounded by  various  authors.*^ 


«  Mr.  G.  H.  I^wcs  (*  Fortnightly 
Keview/  Nov.  1, 1868,  p.  50C)  remarks 
on  the  number  of  writers  who  have 
advanced  nearly  similar  views.  More 
than  two  thon&and  years  ago  Ari.stotlc 
combated  a  view  of  this  kind,  which, 
as  I  hear  from  Dr.  W.  Ogfe,  was 
held  by  UippocTates  and  others.  Ray, 
in  his'  *  Wisdom  of  God  *  (2nd  edit., 
1092.  p.  68),  says  that  "  every  part 
""  of  the  body  seems  to  club  and  con- 
"  tribute  to  the  seed."  The  "  organic 
molecules "  of  Bufibn  ('  Hist.  Nat. 
(Jen.,'  edit,  of  1749,  tom.  ii.  pp.  54,  62, 
320,  33a,  420,  425)  appear  at  first 
sight  to  be  the  same  as  the  g{mmulet> 
of  my  hypothc*!.*;,  but  th**y  arc  e.-vsen- 


tially  ditVerent.  Bonnet  (*(Eurres 
d'Hi^t.  Nat.,*  tom.  v..  part  i.,  1781, 
4to  edit..  J).  334)  speaks  of  the  limbs 
having  germs  adapted  for  the  repara- 
tion of  all  possible  losses ;  but 
whether  these  germs  are  supposed  to 
be  the  same  with  those  within  buds 
and  the  sexual  organs  is  not  clear. 
Prof.  Owen  sjivs  (*  Anatomy  of  Verte- 
brates* vol.  iii.,  1868,  p.' 813)  that 
he  fails  to  sec  any  fundamental  differ- 
ence between  the  views  which  ho  pro- 
}>ouniled  in  his  *  Parthenogenesis ' 
(1840,  pp.  5-8),  and  which  he  now  con- 
siders as  erroneous,  and  my  hypothesis 
of  pangeneMs:  but  a  re  viewer  (*.lour- 
nal  of  Anat.  and   Phvs.,'  Mav,   I860. 
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Before  proceeding  to  show,  firstly,  how  far  these  assump- 
tions are  in  themselves  probable,  and  secondly,  how  far  they 
connect  and  explain  the  various  groups  of  facts  with  which 
we  are  concerned,  it  may  bo  useful  to  give  an  illustration,  as 
simple  as  possible,  of  the  hypothesis.  If  one  of  the  Protozoa  bo 
formed,  as  it  appears  under  the  microscope,  of  a  small  mass  of 
homogeneous  gelatinous  matter,  a  minute  particle  or  gemmule 
thrown  off  from  any  part  and  nourished  under  favourable 
circumstances  would  reproduce  the  whole ;  but  if  the  upper 
and  lower  surfaces  were  to  differ  in  texture  from  each  other 
and  from  the  central  portion,  then  all  three  parts  would  have 
to  throw  off  gemmules,  which  when  aggregated  by  mutual 
affinity  would  form  either  buds  or  the  sexual  elements,  and 
would  ultimately  bo  developed  into  a  similar  organism. 
Precisely  the  same  view  may  be  extended  to  one  of  the 
higher  animals ;  although  in  this  case  many  thousand 
gemmules  must  be  thrown  off  from  the  various  parts  of  the 
body  at  each  stigo  of  development ;  these  gemmules  Ijcing 
developed  in  union  with  pre-existing  nascent  cells  in  due 
order  of  succession. 

Physiologists  maintain,  as  we  have  seen,  that  each  unit  of 
the  body,  though  to  a  large  extent  dependent  on  others,  is 
likewise  to  a  certain  extent  independent  or  autonomous,  and 
has  the  i)ower  of  increasing  by  self-division.  I  go  one  step 
further,  and  assume  that  each  unit  casts  off  free  gemmules 
which  are  dispersed  throughout  the  system,  and  are  capable 
under  proper  conditions  of  being  developed  into  similar  units. 
Nor  can  this  assumption  bo  considered  as  gratuitous  and 
iui])r()l)able.  It  is  manifest  that  the  sexual  elements  and  buds 
iuchidc  formative  matter  of  some  kind,  capable  of  develop- 
ment ;  and  we  now  know  from  the  production  of  graft-hybrids 
that  similar  matter  is  dispersed  throughout  the  tissues  of 


l».    441)   i«howit    how   diiFuront    they  Lnstly,  it  nppearii   from   a  revi«'W  of 

ri'ally  arc.      I  forim'rly  thou);ht  that  th«  prMont  work    by    Prof.    Mante- 

the  **  physiological  uiiiti  "  of  Herbert  gazxa  (*  Nuova   Antologta,    Magt^io/ 

S|K.»ncer  (*  l*rin«"iplc!i  of  Hiology/ vol.  18HK),  that  he  (in  his   *Klcinonti  di 

i.,    chapH.    iv.    and    viii.,     1863-04)  Igieno,*   VAit,    iii.,    p.    r»40)    clearly 

were  the  iiame  an  my  gemmules,  but  fitresaw  the  doctrine  of  pangf>n<^si». 
I  now  know  that  thin  is  not  the  case. 
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plants,  and  can  combine  with  that  of  another  and  distinct 
plant,  giving  rise  to  a  new  being,  intermediate  in  character. 
Wo  know  also  that  the  male  element  can  act  directly  on  the 
partially  developed  tissues  of  the  mother-plant,  and  on  the 
future  progeny  of  female  animals.  The  formative  matter 
which  is  thus  dispersed  throughout  the  tissues  of  plants, 
and  which  is  capable  of  being  developed  into  each  unit  or 
part,  must  be  generated  there  by  some  means ;  and  my  chief 
assumption  is  that  this  matter  consists  of  minute  particles 
or  gommules  cast  off  from  each  unit  or  cell.*^ 

But  I  have  further  to  assume  that  the  gemmules  in  their  un- 
developed state  are  capable  of  largely  multiplying  themselves 
by  self -division,  like  independent  organisms.  Delpino  insists 
that  to  "  admit  of  multiplication  by  fissiparity  in  corpuscles, 
**  analogous  to  seeds  or  buds  ...  is  repugnant  to  all  analogy." 
But  this  seems  a  strange  objection,  as  Thuret**  has  seen  the 
zoosiX)re  of  an  alga  divide  itself,  and  each  half  germinated. 
Haeckel  divided  the  segmented  ovum  of  a  siphonophora  into 
many  pieces,  and  these  were  developed.  Nor  does  th6  extreme 
minuteness  of  the  gemmules,  which  can  hardly  differ  much  in 
nature  from  the  lowest  and  simplest  organisms,  render  it 
improbable  that  they  should  grow  and  multiply.  A  great 
authority,  Dr.  Beale,^^  says  **  that  minute  yeast  cells  are 
"  capable  of  throwing  off  buds  or  gemmules,  much  less  than 
"  the  TuxyVcTT  ^^  ^^  i^^^^  i^  diameter ;"  and  these  he  thinks  are 
"  capable  of  subdivision  practically  ad  infinitum." 

A  particle  of  small-pox  matter,  so  minute  as  to  be  borne  by 
the  wind,  must  multiply  itself  many  thousandfold  in  a  person 
thus  inoculated ;  and  so  with  the  contagious  matter  of  scarlet 
fever.^^  It  has  recently  l)ecn  ascertained  ^'  that  a  minute 
iwrtion  of  the  mucous  discharge  from  an  animal  affected  wth 


**  Mr.  Lowne  has  observed  ('.lour- 
n.il  of  Queckett  Microscopical  Cliih,* 
Sept.  23,  1870)  certain  remarkable 
changes  in  the  tissues  of  the  larva  of 
a  fly,  which  makes  him  believe  "it 
*'  possible  that  organs  and  organisms 
"  are  sometimes  developed  by  the 
"  aggregation  of  excessively  minute 
'*  gemmules,  such  as  those  which  Mr. 
"  Darwin's  hypotho.is  demands." 


**  'Annales  des  S<\  Xat.,*  Hrd 
scries,  liot.,  torn,  xiv.,  18.'>0,  p.  244. 

*^  *  I>i>iease  (Jerms,'  p.  20. 

^*  See  ."iome  very  interesting  papers 
on  this  subject  by  Dr.  Boale,  id 
'  Medical  Times  and'  Cazettc,*  Sept. 
0th,  186.'),  pp.  273,  330. 

*'  Third  Report  of  the  H.  Comm. 
on  the  Cattle  Plague,  as  quoted  in 
*Gard.  Chronicle,'  180G.  p.  446. 
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rinderpest,  if  placed  in  the  blood  of  a  healthy  ox,  increases 
so  fast  that  in  a  short  space  of  time  "the  whole  mass  of 
"  blood,  weighing  many  pounds,  is  infected,  and  every  small 
"  particle  of  that  blood  contains  enough  poison  to  give, 
'*  within  less  than  forty-eight  hours,  the  disease  to  another 
'*  animal.*' 

The  retention  of  free  and  undeveloped  gemmules  in  the 
same  body  from  early  youth  to  old  age  will  appear  improb- 
able, but  we  should  remember  how  long  seeds  lie  dormant  in 
the  earth  and  buds  in  the  bark  of  a  tree.  Their  transmission 
I'n^ni  generation  to  generation  will  appear  still  more  improb- 
able ;  but  here  again  we  should  remember  that  many  rudimen- 
tary and  useless  organs  have  been  transmitted  during  an 
indefinite  number  of  generations.  We  shall  presently  see 
how  well  the  long-continued  transmission  of  undeveloped 
gemmules  explains  many  facts. 

As  each  unit,  or  group  of  similar  units,  throughout  the 
body,  casts  off  its  gemmules,  and  as  all  are  contained  within 
the  smallest  ovule,  and  within  each  spermatozoon  or  pollen- 
grain,  and  as  some  animals  and  plants  produce  an  astonishing 
number  of  pollen-grains  and  ovules,*®  the  number  and  minute- 
ness of  the  gemmules  must  be  something  inconceivable.  But 
considering  how  minute  the  molecules  are,  and  how  many 
go  to  the  formation  of  the  smallest  granule  of  any  ordinary 
snl  stance,  this  difficulty  with  respect  to  the  gemmules  is  not 
insuperable.  From  the  data  arrived  at  by  Sir  W.  Thomson, 
my  8(m  George  finds  that  a  cube  of  ix)Jjnr  of  an  inch  of  glass. 
or  water  must  consist  of  between  16  million  millions,  and  131 
tlioiisand  million  million  molecules.  No  doubt  the  molecules 
of  which  an  organism  is  formed  are  larger,  from  being  more 
complex,  than  those  of  an  inorganic  substance,  and  probably 


"  Mr.  F.  Bucklan.l  found  6,867,840 
••'jjjH  in  a  co<l-Hhh  ('  Land  and  Water,* 
1  M»;8,  p.  62).  An  Ascaris  produces 
a^MJut  64,000,000  eggs  (Carpenter's 
'  Coiu\}.  Phys.,'  1854,  p.  690),  Mr.  J. 
Scott,  of  the  Royal  Botanic  Garden 
of  FMinburgh,  calculated,  in  the  same 
manner  as  I  hare  done  for  some 
British  Orchids  (*  Fertilisation  of 
Orrhi'ts*   p.    344),    the    number    of 


seeds  in  a  capsule  of  an  Arrof>era 
and  found  the  number  to  be  :$7 1,250. 
Now  this  j)lant  proilucos  scvoral 
flowers  on  a  raceme,  an<i  many  ra- 
cemes during  a  season,  lu  an  allied 
genus,  Gongora,  Mr.  Scott  has  seen 
twenty  capsules  produced  on  a  single 
raceme;  ten  such  racemes  on  the 
Acropera  would  yield  above  seventy- 
four  m'llions  of  s"H. 
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many  molecules  go  to  the  formation  of  a  gemmule;  but  when  we 
bear  in  mind  that  a  cube  of  ^o^qq  of  an  inch  is  much  smaller 
than  any  pollen-grain,  ovnle  or  bud,  we  can  see  what  a  vast 
number  of  gemmules  one  of  these  bodies  might  contain. 

The  gemmules  derived  from  each  part  or  organ  must  be 
thorouglily  dispersed  throughout  the  whole  system.  We  know, 
for  instance,  that  even  a  minute  fragment  of  a  leaf  of  a 
Begonia  will  reproduce  the  whole  plant ;  and  that  if  a  fresh- 
water worm  is  chopped  into  small  pieces,  each  will  reproduce 
the  whole  animal.  Considering  also  the  minuteness  of  the 
gemmules  and  the  permeability  of  all  organic  tissues,  the 
thorough  disi)ersion  of  the  gemmules  is  not  surprising,  lliat 
mutter  may  bo  readily  transferred  without  the  aid  of  vessels 
from  part  to  part  of  the  body,  we  have  a  good  instance  in  a 
case  recorded  by  Sir  J.  Paget  of  a  lady,  whose  hair  lost  its 
colour  at  each  successive  attack  of  neuralgia  and  recovered  it 
again  in  the  couise  of  a  few  days.  With  plants,  however, 
and  probably  with  compound  animals,  such  as  corals,  the 
gemmules  do  not  ordinarily  spread  from  bud  to  bud,  but  are 
confined  to  the  parts  developed  from  each  separate  bud  ;  and 
of  this  fact  no  explanation  can  be  given. 

The  assumed  elective  affinity  of  each  gemmule  for  that  par- 
ticular cell  which  precedes  it  in  due  order  of  development  is 
supported  by  many  analogies.  In  all  ordinary  cases  of  sexual 
reproduction,  the  male  and  female  elements  certainly  have  a 
mutual  affinity  for  each  other  :  thus,  it  is  believed  that  about 
ten  thousand  species  of  CompositaB  exist,  and  there  can  be  no 
doubt  that  if  the  pollen  of  all  these  species  could  be  simul- 
taneously or  successively  placed  on  the  stigma  of  any  one 
species,  this  one  would  elect  with  unerring  certainty  its  own 
pollen.  This  elective  capacity  is  all  the  more  wonderful, 
as  it  must  have  been  acquired  since  the  many  sjKK^ies 
of  this  great  group  of  plants  branched  oflf  from  a  common 
progenitor.  On  any  view  of  the  nature  of  sexual  repro- 
duction, the  formative  matter  of  each  part  contained  within 
the  ovules  and  the  male  element  act  on  each  other  by  some  law 
of  special  affinity,  so  that  corresponding  parts  affect  one 
another ;  thus,  a  calf  produced  from  a  short-homed  cow  by  a 
long-horned  bull  has  its  boms  affected  by  the  union  of  the 
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two  forms,  and  the  offspring  from  two  birds  with  differently 
coloured  tails  have  their  tails  affected. 

The  various  tissues  of  the  body  plainly  show,  as  many  phy- 
siologists have  insisted,^'  an  affinity  for  special  organic  sub- 
stances, whether  natural  or  foreign  to  the  body.  We  see  this 
in  the  cells  of  the  kidneys  attracting  urea  from  the  blood ;  in 
curare  affecting  certain  nerves ;  Lytta  vesicatoria  the  kidneys ; 
and  the  poisonous  matter  of  various  diseases,  as  small-pox, 
scarlet- fever,  hooping-cough,  glanders,  and  hydrophobia, 
affecting  certain  definite  parts  of  the  body. 
'  It  has  also  been  assumed  that  the  development  of  each 
gcmmule  depends  on  its  union  with  another  cell  or  unit 
which  has  just  commenced  its  development,  and  which  pre- 
cedes it  in  due  order  of  growth.  That  the  formative  matter 
within  the  pollen  of  plants,  which  by  our  h3rpothesis  consists  of 
geiinnules,  can  unite  with  and  modify  the  partially  developed 
cells  of  the  mother-plant,  we  have  clearly  seen  in  the  section 
devoted  to  this  subject.  As  the  tissues  of  plants  are  formed,  as 
far  as  is  known,  only  by  the  proliferation  of  pre-existing  cells, 
wo  must  conclude  that  the  gemmules  derived  from  the 
foreign  pollen  do  not  become  developed  into  new  and  separate 
cells,  but  penetrate  and  modify  the  nascent  cells  of  the  mother- 
plant.  This  process  may  be  compared  with  what  takes  place 
in  the  act  of  ordinary  fertilisation,  during  which  the  contents 
of  the  }>ollen-tubos  penetrate  the  closed  embryonic  sac 
within  the  oyule,  and  determine  the  development  of  the 
embryo.  According  to  this  view,  the  cells  of  the  mother- 
])lant  may  almost  literally  be  said  to  be  fertilised  by  the 
gemmules  derived  from  the  foreign  pollen.  In  this  case  and 
in  all  others  the  proper  gemmules  must  combine  in  due  order 
with  pre  existing  nascent  cells,  owing  to  their  elective  affi- 
nities. A  slight  difference  in  nature  between  the  gemmules 
and  the  nasc^ent  cells  would  be  far  from  interfering  with 
thiir  mutual  union  and  development,  for  we  well  "know  in 
the  case  of  ordinary  reproduction  that  such  slight  differentia- 


4» 


Pat;t?t,  *  Lectures  on  Pathology,*  Tissus  Vivants/  pp.   177,  210,  337; 

I>.    '11 ;    Virchow,   *  Cellular   Patho-  Mullcr's  *  Physiolojjy,'  Eng.  trnnslat., 

lovjv,*   translat.   br  Dr.  Chance,  pp.  p.  290. 
Vl\  120,  294-  Claude  Bernard,  *t>ea 
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tion  in  the  sexual  elements  favotiTS  in  a  marked  manner  their 
union  and  subsequent  development,  as  well  as  the  vigour  of 
the  offspring  thus  produced. 

Thus  far  we  have  been  able  by  the  aid  of  our  hypothesis 
to  throw  some  obscure  light  on  the  problems  which  have 
come  before  us ;  but  it  must  be  confessed  that  many  points 
remain  altogether  doubtful.  Thus  it  is  useless  to  specu- 
late at  what  period  of  development  each  unit  of  the  body 
casts  off  its  gemmules,  as  the  whole  subject  of  the  develop- 
ment of  the  various  tissues  is  as  yet  far  from  clear.  We 
do  not  know  whether  the  gemmules  are  merely  collected  by 
some  unknown  means  at  certain  seasons  within  the  reproduc- 
tive organs,  or  whether  after  being  thus  collected  they  rapidly 
multiply  there,  as  the  flow  of  blood  to  these  organs  at  each 
breeding  season  seems  to  render  probable.  Nor  do  we  know 
why  the  gemmules  collect  to  form  buds  in  certain  definite 
places,  leading  to  the  symmetrical  growth  of  trees  and  corals. 
We  have  no  means  of  deciding  whether  the  ordinary  wear 
and  tear  of  the  tissues  is  made  good  by  means  of  gemmules, 
or  mciel}'  by  the  proliferation  of  pre-existing-  cells.  If 
the  gemmules  are  thus  consumed,  as  seems  probable  from 
the  intimate  connection  between  the  repair  of  waste,  re- 
growth,  and  development,  and  more  especially  from  the 
periodical  changes  which  many  male  animals  undergo  in 
colour  and  structure,  then  some  light  would  .be  thrown  on 
the  phenomena  of  old  ago,  with  its  lessened  power  of  re- 
production and  of  the  repair  of  injuries,  and  on  the  obscure 
subject  of  longevity.  The  fact  of  castrated  animals,  which 
do  not  cast  oflf  innumerable  gemmules  in  the  act  of  repixniuc- 
tion,  not  being  longer-lived  than  perfect  males,  seems  opposed 
to  the  belief  that  gemmules  are  consumed  in  the  ordinary 
repair  of  wasted  tissues ;  unless  indeed  the  gemmules  after 
Ixjing  collected  in  small  numbers  within  the  reproductive 
organs  are  there  largely  multiplied.^^ 

That  the  same  cells  or  units  may  live  for  a  long  period  and 

*•  Prof.   Ray   I-Aokeiiter    has    dU-  parative  Longevity   in  Mnn   and  the 

cussed   several    of    the   points    here  Ix>\vor   AnimaLs,'   1870,   pp.  [i  5,    77, 

referred  to  as  beariLg  on  pangenesis,  &c. 
in  his    interesting  e-isay,  *0n  fVm- 
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continue  multiplying  without  being  modified  by  their  union 
with  free  gommulcs  of  any  kind,  is  probable  from  such  cases 
as  that  of  the  spur  of  a  cock  which  grew  to  an  enormous  size 
when  grafted  into  the  ear  of  an  ox.  How  far  nnits  are 
modified  during  their  normal  growth  by  absorbing  peculiar 
nutriment  from  the  surrounding  tissues,  independently  of 
their  union  with  gcmmules  of  a  distinct  nature,  is  another 
doubtful  point.^^  We  shall  appreciate  this  difficulty  by 
calling  to  mind  what  complex  yet  symmetrical  growths  the 
cells  of  planl-8  yield  when  inoculated  by  the  poison  of  a 
gall-insect.  With  animals  various  polypoid  excrescences  and 
tumours  are  generally  admitted  *'  to  be  the  direct  product, 
through  proliferation,  of  normal  cells  which  have  become 
abnormal.  In  the  regular  growth  and  repair  of  bones,  the 
tissues  undergo,  as  Virchow  remarks,*^  a  whole  series  of 
permutations  and  substitutions.  "  The  cartilage  cells  may 
"  be  converted  by  a  direct  transformation  into  marrow-cells, 
"  and  continue  as  such  ;  or  they  may  first  be  converted  into 
"  osseous  and  then  into  medullary  tissue ;  or  lastly,  they  may 
**  first  be  converted  into  marrow  and  then  into  bone.  So 
"  variable  are  the  permutations  of  these  tissues,  in  themselves 
"  so  nearly  allied,  and  yet  in  their  external  appearance  so 
"  completely  distinct.**  But  as  thcio  tissues  thus  change 
their  nature  at  any  age,  without  any  obvious  change  in  their 
nutrition,  we  must  suppose  in  accordance  with  our  hypothesis 
that  gemmules  derived  from  one  kind  of  tissue  combine 
with  the  cells  of  another  kind,  and  cause  the  successive 
modifications. 

We  have  good  i-eason  to  believe  that  several  gcmmules  are 
requisite  for  the  develoj)ment  of  one  and  the  same  unit  or 
cell ;  for  we  cannot  otherwise  understand  the  insuflSciency 
of  a  single  or  even  of  two  or  three  pollen-grains  or  sper- 
matozoa. But  wo  are  far  from  knowing  whether  the  gcmmules 
of  all  the  units  are  free  and  separate  from  one  another,  or 
whether  some  are  from  the  first  united  into  small  aggregates. 

*'  Dr.  R«»M  refers  to  this  8ubj<s:t  trnns.  by  Dr.  Chance,   1860,  pp.  00, 

ill  his  *  Ciraft  Theory  of  Disease,'  1»72,  162,  '24b,  441,  454. 
p.  r.:K  »*  IbiJ.,  pp.  412-423. 

«  Virchow,  *  Cellular  Pathology,* 
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A  feather,  for  instance,  is  a  complex  stmctare,  and,  as  each 
separate  part  is  liable  to  inherited  variations,  I  conclude  that 
each  feather  generates  a  large  number  of  gemmulcs ;  but  it 
is  possible  that  these  may  be  aggregated  into  a  compound 
gcmmule.  The  same  remark  applies  to  the  petals  of  flowers, 
which  are  sometimes  highly  complex  structures,  with  each 
ridge  and  hollow  contrived  for  a  special  purpose,  so  that 
each  part  must  have  been  separately  modified,  and  the 
modifications  transmitted ;  consequently,  separate  gcmmules, 
according  to  our  hypothesis,  must  have  been  thrown  off  from 
each  cell  or  unit.  But,  as  we  sometimes  see  half  an  anther 
or  a  small  portion  of  a  filament  becoming  petali-form,  or  parts . 
or  mere  stripes  of  the  calyx  assuming  the  colour  and  texture 
of  the  corolla,  it  is  probable  that  with  petals  the  gemmules 
of  each  cell  are  not  aggregated  together  into  a  compound 
gemmule,  but  are  free  and  separate.  Even  in  so  simple  a 
case  as  that  of  a  perfect  cell,  with  its  protoplasmic  contents, 
nucleus,  nucleolus,  and  walls,  wo  do  not  know  whether  or 
not  its  development  depends  on  a  compound  gemmnlc  derived 
from  each  part.^* 

Having  now  endeavoured  to  show  that  the  several  fore- 
going assumptions  arc  to  a  certain  extent  supported  by  analo- 
gous facts,  and  having  alluded  to  some  of  the  most  doubtful 
points,  we  will  consider  how  far  the  hypothesis  brings  under 
a  feingle  point  of  view  the  various  cases  enumerated  in  the 
Fii*st  Part.  All  the  forms  of  reproduction  graduate  into  one 
another  and  agree  in  their  product;  for  it  is  impossible  to 
distinguish  between  organisms  produced  from  buds,  from  self- 
division,  or  from  fertilised  germs  ;  such  organisms  are  liable  to 
variations  of  the  same  nature  and  to  reversions  of  the  same 
kind  ;  and  as,  according  to  our  hypothesis,  all  the  forms  of  re- 
production depend  on  the  aggregation  of  gemmules  derived 
from  the  whole  body,  wo  can  understand  this  remarkable 
agreement.  Parthenogenesis  is  no  longer  wonderful,  and  if 
wc  did  not  know  that  great  gooil  followed  from  the  union  of 
the  sexual  elements  derived  from  two  distinct  individuals  tlie 

•  * 

**  Sec  some  good  critirisms  on  this       I.e\v<'s  in   the  *  Fortnightly   Review/ 
heaJ   by   Delpino,  r.nl   by  21  r.  G.  H.       Nov.  1,  1 868,  p.  o09. 
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wonder  would  bo  that  parthenogenesis  did  not  occur  much 
oftencr  than  it  does.  On  any  ordinary  theory  of  reproduction 
the  formation  of  graft-hybrids,  and  the  action  of  the  male 
element  on  the  tissues  of  the  mother-plant,  as  well  as  on  the 
future  progeny  of  female  animals,  are  great  anomalies ;  but 
they  arc  intelligible  on  our  hypothesis,  llio  reproductive 
organs  do  not  actually  create  the  sexual  elements ;  they 
merely  determine  the  aggregc^tion  and  perhaps  the  multipli- 
cation of  the  gemmules  in  a  special  manner.  These  organs, 
however,  together  with  their  accessory  parts,  have  high 
functions  to  perform.  They  adapt  one  or  both  elements  for 
independent  temporary  existence,  and  for  mutual  union.  The 
stigmatic  secretion  acts  on  the  pollen  of  a  plant  of  the  same 
species  in  a  wholly  different  manner  to  w^hat  it  does  on 
the  pollen  of  one  belonging  to  a  distinct  genus  or  family. 
The  spermatophores  of  the  Cephalopoda  are  wonderfully 
complex  structures,  which  were  formerly  mistaken  for  para- 
sitic worms ;  and  the  spermatozoa  of  some  animals  possess 
attributes  which,  if  observed  in  an  independent  animal,  would 
l)e  put  down  to  instinct  guided  by  sense-organs, — as  when 
the  spermatozoa  of  an  insect  find  their  way  into  the  minute 
niicropylo  of  the  egg. 

The  antagonism  which  has  long  been  observed,^*  with 
certain  exceptions,  between  growth  and  the  power  of  sexual 
reproduction  ^^ — between  the  repair  of  injuries  and  gemma- 
tion—  and  with  plants,  between  rapid  increase  by  buds, 
rhizomes,  ttc,  and  the  production  of  seed,  is  partly  explained 
by  the  gemmules  not  existing  in  sufficient  numbers  for  these 
processes  to  be  carried  on  simultaneously. 


a 


Mr.  Herbert  Spencer  (*Princi- 
|)l»"s  of  Biolojuy,'  vol.  ii.  p.  430)  has 
liilly  discussed  this  anttgonism. 

^*  The  male  salmon  is  known  to 
hropd  fit  a  very  early  age.  The 
Tiitun  and  Siredon,  whilst  retaining 
their  larval  branchiae,  according  to 
Kili|>pt  and  Diimdril  ('Annals  and 
M.l^^  of  Nat.  Hist.,'  3rd  series,  1866, 
p.  157),  are  capable  of  reproduction. 
Krnst  Haeckel  has  recently  (*  Monats- 
horicht  Akad.  Wiss.  Berlin,' Feb.  2nd, 
ISG.'i)   observed   the  surprising  esse 


of  a  mednsa,  with  its  reproductive 
organs  active,  which  produces  by 
budding  a  widely  different  form  of 
medusa ;  and  this  latter  also  has  the 
power  of  sexual  reproduction.  Krohn 
has  shown  (*  Annals  and  Mag.  of 
Nat.  Hist.,'  3rd  scries,  v§l.  xix.,  1862, 
p.  6)  that  certain  other  me<lu8a', 
whilst  sexually  mature,  propagate 
by  gemmie.  See,  also,  Kolliker, 
*  Morphologic  nnd  Fjaiwickelungsge* 
schichte  des  Pennatalidenstammes,' 
1872,  p.  12. 
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Hardly  any  fact  in  physiology  is  more  wonderful  tlian  the 
power  of  re-growth ;  for  instance,  that  a  snail  should  be  able 
to  reproduce  its  head,  or  a  salamander  its  eyes,  tail,  and  legs, 
exactly  at  the  points  where  they  have  been  cut  off.  Such 
cases  are  explained  by  the  presence  of  gcmmiiles  derived  from 
each  part,  and  disseminated  thix)ughout  the  body.  I  have 
heard  tbe  process  compared  with  that  of  the  repair  of  the 
broken  angles  of  a  crystal  by  re-crystallisation ;  and  the  two 
processes  have  this  much  in  common,  that  in  the  one  case 
the  polarity  of  the  molecules  is  the  efficient  cause,  and  in  the 
other  the  affinity  of  the  gemmules  for  particular  nascent  cells. 
But  we  have  here  to  encounter  two  objections  which  apply 
not  only  to  the  re-growth  of  a  part,  or  of  a  bisected  individual, 
but  to  fissi parous  generation  and  budding.  The  first  objection 
is  that  the  part  which  is  reproduced  is  in  the  same  stage  of 
development  as  that  of  the  being  which  has  been  operated  on 
or  bisected;  and  in  the  case  of  buds,  that  the  new  beings  thus 
produced  are  in  the  same  stage  as  that  of  the  budding  parent. 
Thus  a  mature  salamander,  of  which  the  tail  has  been  cut 
off,  does  not  reproduce  a  larval  tail ;  and  a  crab  does  not 
reproduce  a  larval  leg.  In  the  case  of  budding  it  was 
shown  in  the  first  part  of  this  cliaptcr  that  the  new  being 
thus  produced  docs  not  retrograde  in  develoi)ment, — that 
is,  does  not  pass  through  those  earlier  stages,  which  the 
fertilised  germ  has  to  pass  through.  Nevertheless,  the  organ- 
isms operated  on  or  multiplying  themselves  by  buds  must, 
by  our  hypothesis,  include  innumerable  gemmules  derived 
from  every  part  or  unit  of  the  earlier  stages  of  development ; 
and  why  do  not  such  gemmules  reproduce  the  amputated 
part  or  the  whole  body  at  a  corresponding  early  stage  of 
development  ? 

The  second  objection,  which  has  been  insisted  on  by  Dolpino, 
is  that  the  tissues,  for  instance,  of  a  mature  siilamaiuler  or  crab, 
of  which  a  limb  has  been  removed,  are  already  differentiated 
and  have  passed  through  their  whole  course  of  development ; 
and  how  can  such  tissues  in  accordance  with  our  hypothesis 
attract  and  combine  with  the  gemmules  of  the  part  which  is 
to  be  reproduced  ?  In  answer  to  these  two  objections  we  must 
bear  in  mind  the  evidence  which  has  been  advanced,  showing 
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that  at  least  in  a  largo  number  of  cases  the  power  of  re-growth 
is  a  localised  faculty,  acquired  for  the  sake  of  repairing  special 
injuries  to  which  each  jmrticular  creature  is  liable;  and  in 
the  case  of  buds  or  fissiparous  generation,  for  the  sake  of 
quickly  multiplying  the  organism  at  a  period  of  life  when  it 
can  be  supported  in  large  numbers.  These  considerations 
lead  us  to  believe  that  in  all  such  cases  a  stock  of  nascent  cells 
or  of  partially  developed  gemmules  are  retained  for  this 
special  purpose  either  locally  or  throughout  the  body,  ready 
to  combine  with  the  gemmules  derived  from  the  cells  which 
come  next  in  due  succession.  If  this  be  admitted  we  have  a 
sufficient  answer  to  the  above  two  objections.  Anyhow,  pan- 
genesis seems  to  throw  a  considerable  amount  of  light  on  the 
wonderful  power  of  re-growth. 

It  follows,  also,  from  the  view  just  given,  that  the  sexual 
elements  differ  from  buds  in  not  including  nascent  cells  or 
gemmules  in  a  somewhat  advanced  stage  of  development,  so 
that  only  the  gemmules  belonging  to  the  earliest  stages  are 
fii-st  developed.  As  young  animals  and  those  which  stand 
low  in  the  scale  generally  have  a  much  greater  capacity  for 
re-growth  than  older  and  higher  animals,  it  would  also  appear 
that  they  retain  cells  in  a  nascent  state,  or  partially  developed 
gemmules,  more  readily  than  do  animals  which  have  already 
passed  through  a  long  series  of  developmental  changes.  I 
may  here  add*  that  although  ovules  can  bo  detected  in  most 
or  all  female  animals  at  an  extremely  early  age,  there  is  no 
reason  to  doubt  that  gemmules  derived  from  parts  modified 
during  maturity  can  pass  into  the  ovules. 

With  respect  to  hybridism,  pangenesis  agrees  well  with 
most  of  the  ascertained  facts.  Wo  must  believe,  as  pro- 
viouKly  shown,  that  several  gemmules  are  requisite  for 
tlio  development  of  each  cell  or  unit.  But  from  the  occur- 
rence of  parthenogenesis,  more  especially  from  those  cases 
in  which  an  embryo  is  only  partially  formed,  we  may  infer 
that  the  female  element  generally  includes  gemmules  in  nearly 
Kuflicient  number  for  independent  development,  so  that  when 
united  with  the  male  element  the  gemmules  are  superabun- 
dant. Now,  when  two  species  or  races  are  crossed  reciprocally, 
the  ofl*8})ring  do  not  commonly  differ,  and  this  shows  that  tho 
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sexual  elements  agree  in  power,  in  accordance  with  tho  view 
that  both  include  the  same  gemmules.  Hybrids  and  mongrels 
are  also  generally  intermediate  in  character  between  the  two 
parent-forms,  yet  occasionally  they  closely  resemble  one 
parent  in  one  part  and  the  other  parent  in  another  part,  or 
even  in  their  whole  structure :  nor  is  this  difficult  to  under- 
stand on  the  admission  that  the  gemmules  in  tho  fertilised 
germ  are  superabundant  in  number,  and  that  those  derived 
from  one  parent  may  have  some  advantage  in  number, 
affinity,  or  vigour  over  those  derived  from  tho  other  parent. 
Crossed  forms  sometimes  exhibit  the  colour  or  other  characters 
of  either  parent  in  stripes  or  blotches ;  and  this  occurs  in 
the  first  generation,  or  through  reversion  in  succeeding  bud 
and  seminal  generations,  of  which  fact  several  instances  were 
given  in  the  eleventh  chapter.  In  these  cases  we  must 
follow  Naudin,^^  and  admit  that  the  **  essence"  or  "element" 
of  tho  two  species, — terms  which  I  should  translate  into  the 
gemmules, — have  an  affinity  for  their  owti  kind,  and  thus 
separate  themselves  into  distinct  stripes  or  blotches;  and 
reasons  were  given,  when  discussing  in  the  fifteenth  chapter 
the  incompatibility  of  certain  characters  to  unite,  for  believing 
in  such  mutual  affinity.  When  two  forms  are  crossed,  one 
is  not  rarely  found  to  be  prepotent  in  the  transmission  of 
its  characters  over  tho  other ;  and  this  we  can  explain  by 
again  assuming  that  the  one  form  has  some  advantage  over 
the  other  in  the  number,  vigour,  or  affinity  of  its  gemmules. 
In  some  cases,  however,  certain  characters  are  present  in  the 
one  form  and  latent  in  the  other ;  for  instance,  there  is  a 
latent  tendency  in  all  pigeons  to  become  blue,  and,  when  a 
blue  j)igeon  is  crossed  with  one  of  any  other  colour,  the  blue 
tint  is  generally  prepotent.  The  explanation  of  this  form  of 
prepotency  will  be  obvious  when  we  come  to  the  considera- 
tion of  Reversion. 

\Vhen  two  distinct  species  are  crossed,  it  is  notorious  that 
they  do  not  yield  the  full  or  proper  number  of  offspring  ; 
and  we  can  only  say  on  this  head  that,  as  the  development 
of  each  organism  depends  on  such  nicely-balanced  affinities 

-'  See  hiB  excellent  dtsicursion  on  this  subject  in  '  Nouvelles  Archives  da 
Mnseiim/  tom.  i.  p.  151. 
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between  a  host  of  gemmules  and  nascent  cells,  we  need  not 
feel  at  all  surprised  that  the  commixture  of  gemmules  derived 
from  two  distinct  species  should  lead  to  partial  or  complele 
failure  of  development.  With  respect  to  the  sterility  of 
hybrids  produced  from  the  union  of  two  distinct  species,  it 
was  shown  in  the  nineteenth  chapter  that  this  depends  ex- 
clusively on  the  reproductive  organs  being  specially  affected ; 
l)ut  why  these  organs  should  bo  thus  affected  we  do  not 
know,  any  more  than  why'  unnatural  conditions  of  life, 
though  compatible  with  health,  should  cause  sterility;  or 
why  continued  close  interbreeding,  or  the  illegitimate  unions 
of  hetcrostyled  plants,  induce  the  same  result.  The  con- 
clusion that  the  reproductive  organs  alone  are  affected,  and 
not  the  whole  organisation,  agrees  perfectly  with  the  un- 
impaired or  even  increased  capacity  in  hybrid  plants  for 
propagation  by  buds;  for  this  implies,  according  to  our 
hypothesis,  that  the  cells  of  the  hybrids  throw  oflf  hybridised 
gemmules,  which  become  aggregated  into  buds,  but  fail  to 
become  aggregated  within  the  reproductive  organs,  so  as 
to  form  the  sexual  elements.  In  a  similar  manner  many 
plants,  when  placed  under  unnatural  conditions,  fail  to 
produce  seed,  but  can  readily  be  propagated  by  buds.  "Wo 
shall  presently  see  that  pangenesis  agrees  well  with  the 
strong  tendency  to  reversion  exliibited  by  all  crossed  animals 
and  plants. 

Each  organism  reaches  maturity  through  a  louger  or 
shorter  course  of  growth  and  development :  the  former  term 
King  confineil  to  mere  increase  of  size,  and  development 
to  changed  structure.  The  changes  may  bo  small  and 
insensibly  slow,  as  when  a  child  grows  into  a  man,  or  man}', 
abrupt,  and  slight,  as  in  the  metamorphoses  of  certain 
ephcmerouH  insects,  or,  again,  few  and  strongly-marked,  as 
with  most  other  insects.  Each  newly  formed  part  may  Ix) 
moulded  within  a  previously  existing  and  corrcsiwnding 
part,  and  in  this  case  it  will  apjxjar,  falsely  as  I  believe,  to 
1)0  developed!  from  the  old  part ;  or  it  may  bo  formed  within 
a  distinct  part  of  the  l>ody,  as  in  the  extreme  cases  of 
metagenesis.  An  eye,  for  instance,  may  be  develojKjd  at  a 
spot  where  no  eye  previously  existed.     We  have  also  seen 
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that  alliod  organic  beings  in  the  course  of  their  metamorphoses 
sometimes  attain  nearly  the  same  structure  after  passing 
through  widely  different  forms ;  or  conversely,  after  passing 
through  nearly  the  same  early  forms,  arrive  at  widely  different 
mature  forms.     In  these  cases  it  is  very  difficult  to  accept 
the  common  view  that  the  fii*st-formed  cells  or  units  possess 
the  inherent  power,  independently  of  any*  external  agency,  of 
producing  new  structures  wholly  different  in  form,  position, 
and  function.      But  all  these  cases  become  plain   on   the 
hyix)thesis  of  pangenesis.     The  units,  during  each  stage  of 
development,  throw  off  gemmules,  which,  multiplying,  are 
transmitted  to  the  offspring.     In  the  offspring,  as  soon  as 
any  particular  cell  or  unit  becomes  partially  develojxjd,  it 
unites  with  (or,  to  speak  metaphorically,  is  fertilised  by)  the 
gemmule  of  the  next  succeeding  cell,  and  so  onwards.     But 
organisms  have  often  been  subjected  to  changed  conditions 
uf  life  at  a  certain   stage  of    their  development,   and   in 
consequence  have  been  slightly  modified ;  and  the  gemmules 
cast  off  fiK)m  such  modified  parts  will  tend  to  reproduce  parts 
m(xlified  in  the  same  manner.     This  process  may  be  repeated 
until  the  structure  of  the  part  becomes  greatly  changed  at 
one  particular  stage  of  development,  but   this  will  not  ne- 
ccKsarily  affect  other  parts,  whether  previously  or  subsequently 
formed.     In  this  manner  we  can  understand  the  remarkable 
independence  of  stnu^ture  in  the  successive  metamorphoses, 
and  especially  in  tlic  successive  metageneses  of  many  animals. 
In  the  case,  however,  of  diseases  which  sujx'rvene  during  old 
age,  subsequently  to  the  ordinary  period  of  procreation,  and 
which,  nevertheless,  are  sometimes  inherited,  as  occurs  with 
brain  and  heart  complaints,  we  must  suppose  that  the  organs 
were  affected  at  an  early  ago  and  threw  off  at  this  period 
affected  gemmules ;  but  that  the  affection  became  visible  or 
injurious  only  after  the  prolonged  gro\vth,  in  the  strict  sense 
of  the  word,  of  the  part.     In  all  the  changes  of  structure 
which  regularly  supervene  during  old  age,  we  ])robably  sec 
the  effects  of  deteriorated  growth,  and  not  of  true  develop- 
ment. 

The  principle  of  the  independent  formation  of  each  part, 
owing  to  the  union  of  the  proper  gemmules  with  certain 
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nascent  cells,  together  with  the  superabundance  of  the  gem- 
mules  derived  from  both  parents,  and  the  subsequent  self- 
multiplication  of  the  gemmules,  throws  light  on  a  widely 
different  group  of  facts,  which  on  any  ordinary  view  of 
development  appears  very  strange.  I  allude  to  organs  which 
are  abnormally  transposed  or  multiplied.  For  instance,  a 
curious  case  has  been  recorded  by  Dr.  Elliott  Coues  **  of  a 
monstrous  chicken  with  a  perfect  additional  right  leg  ai-ticu- 
lated  to  the  left  side  of  the  pelvis.  Gold-fish  often  have 
supernumerary  fins  placed  on  various  parts  of  their  bodies. 
AVhen  the  tail  of  a  lizard  is  broken  off,  a  double  tail  is  some- 
times reproduced ;  and  when  the  foot  of  the  salamander 
was  divided  longitudinally  by  Bonnet,  additional  digits 
were  occasionally  formed.  Valentin  injured  the  caudal 
extremity  of  an  embryo,  and  three  days  afterwards  it 
produced  rudiments  of  a  double  pelvis  and  of  double  hind- 
limbs.^^  AVhen  frogs,  toads,  <kc.,  are  bom  with  their  limbs 
doubled,  as  sometimes  happens,  the  doubling,  as  Gervais 
remarks,'^^  cannot  bo  due  to  the  complete  fusion  of  two 
embryos,  with  the  exception  of  the  limbs,  for  the  larvae  are 
limbless.  The  same  argument  is  applicable®^  to  certain 
insects  produced  with  multiple  legs  or  antennae,  for  these  are 
metamoi*phosed  from  apodal  or  antennae-less  larvae.  Alphonso 
Milne-Edwards  ®^  has  described  the  curious  case  of  a  crusta- 
cean in  which  one  eye-peduncle  supported,  instead  of  a  com- 
plete eye,  only  an  imperfect  cornea,  and  out  of  the  centre  of 
this  a  ix>rtion  of  an  antenna  was  developed.  A  case  has  been 
recorded  ^^  of  a  man  who  had  during  both  dentitions  a  double 
ii)ot\\  in  place  of  the  loft  second  incisor,  and  he  inherited  this 
{jeculiarity  from  his  paternal  grandfather.  Several  cases  are 
known  ®^  of  additional  teeth  having  been  developed  in  the 
urbit  of  the  eye,  and,  more  especially  with  horses,  in  the  palate. 

»•  *  Proc.  Boston  Sec.  of  Nat.  Hist./  de  I'Homine,'  Ac,  1862,  p.  129. 

r«'|>ublit»hed   iQ   *  Scientific    Opinion,'  "  Odnther'n   *  Zoological    Kecord,' 

N'.v.  10,  1809,  p.  488.  1804,  p.  279. 

*•  Todd's   *  Cyclop,    of  Anat.   and  •»  Sedgwick,   in  *  Mo lico-Chiruri:. 

Phvs./  vol.  iv.,  1849-52,  p.  975.*  Review,'  April,  186:),  p.  454. 

••  *Coinptel:endu»,*NoY.  14, 186:»,  •♦  Isid.      Gcoffroy     Saint-Hilaire, 

p.  800.  *Hi.^t.  des  Anomalies,'  torn,  i.,  1832, 

*'  A«    previoiuly    remarked     by  pp.  435,  657 ;  and  torn.  ii.  p.  560. 
Quatrefngct,  in   hit  '  If 4t«inorpho«eB 
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Hairs  occasionally  appear  in  strange  situations,  as  *'  mntJiln 
the  substance  of  the  brain."  ®*    Certain  breeds  of  sheep  bear 
a  whole  crowd  of  horns  on  their  foreheads.     As  many  as  fi^e 
spurs  have  been  seen  on  both  legs  of  certain  Game-fowlB.     In 
the  Polish  fowl  the  male  is  ornamented  with  a  topknot  of 
hackles  like  those  on  his  neck,  whilst  the  female  has  a  top- 
knot formed  of  common  feathers.     In  feather-footed  pigeons 
and  fowls,  feathers  like  those  on  the  wing  arise  from  the 
outer  side  of  the  legs  and  toes.     Even  the  elemental  parts  of 
the  same  feather  may  be  transposed ;  for  in  the  Sebastopol 
goose,  barbules  are  developed  on  the  divided  filaments  of  the 
shaft.     Imperfect  nails  sometimes  appear  on  the  stamps  of 
the  amputated  fingers  of  man  ;  ®*  and  it  is  an  interesting  fact 
that  with   the  snake -like  Saurians,  which  present  a  series 
with  more  and  more  imperfect  limbs,  the  terminations  of  the 
phalanges  first  disappear,  "  the  nails  becoming  transferred  to 
"  their  proximal  remnants,  or  even  to  jmrts  which  are  not 
"  phalanges."  ®^ 

Analogous  cases  arc  of  such  frequent  occurrence  with  plants 
that  they  do  not  strike  us  with  sufficient  surprise.  8uj)er- 
numerary  i>etal8,  stamens,  and  pistils,  are  often  produced.  I 
liave  seen  a  leaflet  low  down  in  the  compound  leaf  of  Vicia 
aativa  replaced  by  a  tendril ;  and  a  tendril  |K>ssesses  manv 
peculiar  ])roperties,  such  as  spontaneous  movement  and  irrita- 
bility. The  calyx  sometimes  assumes,  either  wholly  or  bv 
stripes,  the  colour  and  texture  of  the  corolla.  Stamens  are  so 
frequently  converted  into  petals,  more  or  less  completely,  that 
such  cases  are  passed  over  as  not  deserving  notice ;  but  as 
jxjtals  have  special  functions  to  perform,  namely,  to  protect 
the  included  organs,  to  attract  insects,  and  in  not  a  few  cases 
to  guide  their  entrance  by  well-adapted  contrivances,  we  can 
hardly  account  for  the  conversion  of  stamens  into  petals  me'relv 
by  unnatural  or  superfluous  nourishment.  Again,  the  e<ige  of 
a  petal   may  occasionally   be   found   including   one  of   the 

highest  products  of  the  plant,  namely,  ix)llen ;  for  instance, 

• 

•*  Virchow,  'Cellular    Pathology,'  tome. 
1860,  p.  66.                                        '  "Dr.    Fiirbiinser,  '  Die    Knochen 

••  *Miiller*8Phys.,*  Eng.  Traiislat.,  etc.     boi      den     bchlangen^hDlichea 

vol.  i.,  1833,  p.  407.     A  case  of  this  Sauriern,'  a*  reviewed  in  'Journal  of* 

kind  has   lately  been    communicated  Anat.  ani  Phys.,*  Mav,  1870,  p.  286. 
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I  have  seen  the  pollen-mass  of  an  Ophrys,  which  is  a  very 
complex  structure,  developed  in  the  edge  of  an  upper 
petal.  The  segments  of  the  calyx  of  the  common  pea  have 
been  observed  partially  converted  into  carpels,  including 
ovules,  and  with  their  tips  converted  into  stignms.  Mr. 
Salter  and  Dr.  Maxwell  Masters  have  found  pollen  within 
the  ovules  of  the  passion-flower  and  of  the  rose.  Buds  may 
1^  developed  in  the  most  unnatural  positions,  as  on  the  petal 
of  a  flower.     Numerous  analogous  facts  could  be  given.*^ 

I  do  not  know  how  physiologists  look  at  such  facts  as  the 
foregoing.  According  to  the  doctrine  of  pangenesis,  the 
gemmules  of  the  transposed  organs  become  developed  in  the 
wrong  place,  from  uniting  with  wrong  cells  or  aggregates  of 
cells  during  their  nascent  state ;  and  this  would  follow  from 
a  slight  modification  in  their  elective  affinities.  Nor  ought 
we  to  feel  much  surprise  at  the  affinities  of  cells  and  gem- 
mules  varying,  when  we  remember  the  many  curious  cases 
given  in  the  seventeenth  chapter,  of  plants  which  absolutely 
refuse  to  be  fertilised  by  their  own  pollen,  though  abun- 
dantly fertile  with  that  of  any  other  individual  of  the 
same  s^xjcies,  and  in  some  cases  only  with  that  of  a  distinct 
species.  It  is  manifest  that  the  sexual  elective  affinities 
of  such  plants — to  use  the  term  employed  by  Gartner — have 
been  modified.  As  the  cells  of  adjoining  or  homologous 
parts  will  have  nearly  the  same  nature,  they  will  be  particu- 
larly liable  to  acquire  by  variation  each*  other's  elective 
affinities ;  and  we  can  thus  Understand  to  a  certain  extent 
such  cases  as  a  crowd  of  horns  on  the  heads  of  certain  sheep, 
of  several  spurs  on  the  legs  of  fowls,  hackle-like  feathers  on  the 
] leads  of  the  males  of  other  fowls,  and  with  the  pigeon  wing- 
like feathers  on  their  legs  and  membrane  between  their  toes, 
for  the  leg  is  the  homologue  of  the  wing.  As  all  the  organs 
of  plants  are  homologous  and  spring  from  a  common  axis,  it 
is  natural  that  they  should  be  eminently  liable  to  transposi- 
tion.    It  ought  to  be  observed  that  when  any  compound  part, 

•■  Mmjuin-Tandon,      *Tcratologie  Masters    in    'Science    Review,*   Oct. 

Wk,'  1841,  pp.  218,  220,  353.     For  1873,    p.    ;J69.       The    Rev.    J.    M. 

the  case  of  the  pea,  «;«  'Gardener's  Berkeley  describes   a  bud   dovelopei 

ChroD.,' 1866,  p.  897.     With  respect  oq   a  petal  of  a  Clarkia,  in   'Garl 

to    polIeD    within    ovales,    wtf    Dr.  Chroniclo,*  April  28,  1866. 
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such  as  an  additional  limb  or  an  antenna,  springs  from  a  false 
position,  it  is  only  necessary  that  the  few  first  gemmules 
should  be  wrongly  attached ;  for  these  whilst  developing 
would  attract  other  gemmules  in  due  succession,  as  in  tho 
re-growth  of  an  amputated  limb.  When  parts  which  aro 
homologous  and  similar  in  structure,  as  the  vertebras  of 
snakes  or  the  stamens  of  polyandrous  flowers,  (kc,  are  re- 
peated many  times  in  the  same  organism,  closely  allied 
gemmules  must  be  extremely  numerous,  as  well  as  the  points 
to  which  they  ought  to  become  united ;  and,  in  -accordance 
with  the  foregoing  views,  we  can  to  a  certain  extent  under- 
stand Isid.  Geoffroy  Saint -Hilaire's  law,  that  parts,  which  are 
already  multiple,  are  extremely  liable  to  vary  in  number. 

Variability  often  de})end8,  as  I  liavc  attempted  to  show, 
on  the  reproductive  organs  being  injuriously  affected  by 
changed  conditions ;  and  in  this  case  the  gemmules  derived 
from  the  various  parts  of  the  body  aro  probably  aggregated 
in  an  irregular  manner,  some  superfluous  and  others  deficient. 
Whether  a  superabundance  of  gemmules  would  lead  to  tho 
increased  size  of  any  part  cannot  l)e  told ;  but  we  can  see 
that  their  partial  deficiency,  without  necessarily  leading  to 
tho  entire  abortion  of  the  part,  might  cause  considerable 
modifications ;  for  in  the  same  manner  as  plants,  if  their  own 
pollen  bo  excluded,  are  easily  hybridised,  so,  in  the  case  of 
cells,  if  the  properly  succeeding  gemmules  were  absent, 
they  would  probably  combine  easily  with  other  and  allied 
gemmules,  as  we  have  just  seen  with  transjxjsed  parts. 

In  variations  caused  by  tho  direct  action  of  changed  con- 
ditions, of  which  several  instances  have  been  given,  certain 
|)art8  of  the  body  are  directly  affected  by  the  new  conditions, 
and  consequently  throw  off  modified  gemmules,  which  aro 
transmitted  to  the  offspring.  On  any  ordinary  view  it  is 
unintelligible  how  changed  conditions,  whether  acting  on  tho 
embryo,  the  young  or  the  adult,  can  cause  inherited  modifica- 
tions. It  is  equally  or  even  more  unintelligible  on  anv 
ordinary  view,  how  the  effects  of  tho  long-continued  use  or 
disuse  of  a  part,  or  of  changed  habits  of  body  or  mind,  can  be 
inherited.     A  more  perplexing  problem  can  hardly  be  pro- 
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posod ;  but  on  our  view  we  have  only  to  suppose  that  certain 
cells  become  at  last  structurally  modified ;  and  that  these 
throw  off  similarly  modified  gemmules.  This  may  occur 
at  any  period  of  development,  and  the  modification  will  bo 
inherited  at  a  corresponding  period ;  for  the  modified  gem- 
mules  will  unite  in  all  ordinary  cases  with  the  proper  pre- 
ceding cells,  and  will  consequently  be  developed  at  the 
same  period  at  which  the  modification  first  arose.  With 
respect  to  mental  habits  or  instincts,  we  are  so  profoundly 
ignorant  of  the  relation  between  the  brain  and  the  power  of 
thought  that  we  do  not  know  positively  whether  a  fixed  habit 
induces  any  change  i^  the  nervous  system,  though  this  seems 
highly  probable  ;  but  when  such  habit  or  other  mental  at- 
tribute, or  insanity,  is  inherited,  we  must  believe  that  some 
actual  modification  is  transmitted  ;^^  and  this  implies,  accord- 
ing to  our  hypothesis,  that  gemmules  derived  from  modified 
nerve-cells  are  transmitted  to  the  offspring. 

It  is  generally  necessary  that  an  organism  should  bo  ex- 
posed during  several  generations  to  changed  conditions  or 
habits,  in  order  that  any  modification  thus  acquirexl  should 
apiKjar  in  the  offspring.  This  may  be  partly  due  to  the 
changes  not  being  at  first  marked  enough  to  catch  attention, 
but  this  explanation  is  insufficient ;  and  lean  account  for  the 
i'act  only  by  the  assumption,  which  wo  shall  see  under  the 
licjid  of  reversion  is  strongly  supported,  that  gemmules  derived 
iVoni  each  unmodified  unit  or  part  are  transmitted  in  large 
numbers  to  successive  generations,  and  that  the  gemmules 
derived  from  the  same  unit  after  it  has  been  modified  go  on 
multiplying  under  the  same  favourable  conditions  which  first 
caused  the  modification,  until  at  last  they  become  sufficiently 
numerous  to  overpower  and  supplant  the  old  gemmules. 

A  difficulty  may  be  here  noticed  ;  we  have  seen  that  there 
is  an  im^wrtant  difference  in  the  frequency,  though  not  in 
the  nature,  of  the  variations  in  plants  propagated  by  sexual 
and  asexual  generation.  As  far  as  variability  depends  on 
tlie  imperfect  action  of  the  reproductive  organs  under  changed 
conditions,  we  can  at  once  see  why  plants  propagated  asexually 

*'  Sc€  some  remarks  to  this  eflect  by  Sir  H.  Ilollani  in  his  '  Medical 
Notes,'  1830,  p.  82. 
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fihonld  be  far  less  variable  than  those  propagated  sexually. 
With  respect  to  the  direct  action  of  changed  conditions,  we 
know  that  organisms  produced  from  buds  do  not  pass  through 
the  earlier  phases  of  development;  they  will  therefore  not 
be  exposed,  at  that  period  of  life  when  structure  is  most 
readily  modified,  to  the  various  causes  inducing  variability 
in  the  same  manner  as  are  embryos  and  young  larval  forms ; 
but  whether  this  is  a  sufficient  explanation  I  know  not. 

With  respect  to  variations  due  to  reversion,  there  is  a 
similar  difference  between  plants  propagated  from  buds  and 
seeds.  Many  varieties  can  be  propagated  securely  by  buds, 
but  generally  or  invariably  revert  to  their  parent-forms  by 
seed.  So,  also,  hybridised  plants  can  be  multiplied  to  any 
extent  by  buds,  but  are  continually  liable  to  reversion  ])y 
seed, — that  is,  to  the  loss  of  their  hybrid  or  intermediate  cha- 
racter. I  can  offer  no  satisfactory  explanation  of  these  facts. 
Plants  with  variegated  leaves,  phloxes  with  striped  flowers, 
barberries  with  seedless  fruit,  can  all  be  securely  propagated 
by  buds  taken  from  the  stem  or  branches  ;  but  buds  from  the 
roots  of  these  plants  almost  invariiibly  lose  their  character 
and  revert  to  their  fomier  condition.  This  latter  fact  is  also 
inexplicable,  unless  buds  developed  from  the  roots  are  as 
distinct  from  those  on  the  stem,  as  is  one  bud  on  the  stem 
from  another,  and  wo  know  that  those  latter  behave  like 
independent  organisms. 

Finally,  we  see  that  on  the  hypothesis  of  i>angenesis  varia- 
bility depends  on  at  least  two  distinct  groups  of  causes. 
Firstly,  the  deficiency,  superabundance,  and  transposition  of 
gemmules,  and  the  redevelopment  of  those  which  have  long 
been  dormant ;  the  gemmules  themselves  not  having  under- 
gone any  modification  ;  and  such  changes  will  amply  account 
for  much  fluctuating  variability.  Secondly,  the  direct  action 
of  changed  conditions  on  the  organisation,  and  of  the  increased 
use  or  disuse  of  parts  ;  and  in  this  case  the  gemmules  from 
the  modified  units  will  Ikj  themselves  modified,  and,  when 
sufficiently  multiplied,  will  supplant  the  old  gemmules  and 
be  develoi>ed  into  new  structures. 

Turning  now  to  the  laws  of  Inheritance.     If  we  suppose  a 
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homogeneous  gelatinous  protozoon  to  vary  and  assume  a 
reddish  colour,  a  minute  separated  particle  would  naturally, 
as  it  grew  to  full  size,  retain  the  same  colour ;  and  we  should 
liavo  the  simplest  form  of  inheritance.'^  Precisely  the  same 
view  may  be  extended  to  the  infinitely  numerous  and  diversi- 
fied units  of  which  the  whole  body  of  one  of  the  higher 
animals  is  composed;  the  separated  particles  being  our 
gemmules.  We  have  already  sufficiently  discussed  by  impli- 
cation, tlie  important  principle  of  inheritance  at  corresponding 
ages.  Inheritance  as  limited  by  sex  and  by  the  season  of  the 
year  (for  instance  with  animals  becoming  white  in  winter)  is 
intelligible  if  we  may  believe  that  the  elective  affinities  of  the 
units  of  the  body  are  slightly  different  in  the  two  sexes, 
especially  at  maturity,  and  in  one  or  both  sexes  at  different 
Reasons;  so  that  they  unite  with  different  gemmules.  It 
should  bo  remembered  that,  in  the  discussion  on  the  abnormal 
transposition  of  organs,  we  have  seen  reason  to  believe  that 
Kuch  elective  affinities  are  readily  modified.  But  I  shall  soon 
have  to  recur  to  sexual  and  seasonal  inheritance.  These 
several  laws  are  there forer  explicable  to  a  large  extent 
through  imngencsis,  and  on  no  other  hypothesis  which  has  as 
yet  been  advanced. 

But  it  api)cars  at  first  sight  a  fatal  objection  to  our  hypo- 
thesis that  a  part  or  organ  may  be  removed  during  several 
fiuccessivo  generations,  and  if  the  operation  be  not  followed 
l)y  disease,  the  lost  part  reappears  in  the  offspring.  Dogs  and 
horses  formerly  had  their  tails  docked  during  many  genera- 
i'utUH  without  any  inherited  effect;  although,  as  wo  have  seen, 
there  is  some  reason  to  believe  that  the  tailless  condition  of 
certain  sheep-dogs  is  due  to  such  inheritance.  Circumcision 
has  been  practised  by  the  Jews  from  a  remote  period,  and  in 
most  cases  the  effects  of  the  operation  ai*e  not  visible  in  the 
offKi)ring  ;  though  some  maintain  that  an  inherited  effect  does 
occasionally  appear.  If  inheritance  depends  on  the  presence  of 
diKseminated  gemmules  derived  from  all  the  units  of  the  Ixxly, 

••  This  '\A  the  view  taken  by  Prof.  elterlichen  un-l  im  kimllichen  Orgn- 

H.iotrkel,  in  hi*   *Generelle  Morpho-  nismus,  die  Theilung  dieser  Materie 

loj^ie*    (B.   ii.   8.    171),    who    says:  bei  der  Fortpflaozang,  istdie  Ur^ache 

"  Lediglich  die  partielle  Identit&t  der  der  Erblichkeit." 
s|>eciH&ch    constituirten    Materie    im 
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why  does  not  the  amputation  or  mutilation  of  a  part,  especially 
if  efifectod  on  Loth  sexes,  invariably  affect  the  offspring  ?  The 
answer  in  accordance  with  our  hypothesis  probably  is  that 
gcmmules  multiply  and  are  transmitted  during  a  long  series 
ot  generations — as  we  see  in  the  reappeai-ance  of  zebrine 
stripes  on  the  horse — in  the  reappearance  of  muscles  and  other 
structures  in  man  which  are  proper  to  his  lowly  organised 
progenitors,  and  in  many  other  such  cases.  Therefore  the 
long-continued  inheritance  of  a  part  which  has  been  removed 
during  many  generations  is  no  real  anomaly,  for  gemmules 
formerly  derived  from  the  part  are  multiplied  and  transmitted 
from  generation  to  generation. 

We  have  as  yet  spoken  only  of  the  removal  of  parts,  when 
not  followed  by  morbid  action :  but  when  the  operation  is 
thus  followed,  it  is  certain  that  the  deficiency  is  sometimes 
inherited.  In  a  former  chapter  instances  were  given,  as  of  a 
cow,  the  loss  of  whose  horn  was  followed  by  suppuration,  and 
her  calves  were  destitute  of  a  horn  on  the  same  side  of  their 
heads.  But  the  evidence  wliich  admits  of  no  doubt  is  that 
given  by  Brown-Sequard  with  respect  to  guinea-pigs,  which 
after  their  sciatic  nerves  had  been  divided,  gnawed  off  their 
own  gangrenous  toes,  and  the  toes  of  their  offspring  wore  de- 
ficient in  at  least  thirteen  instances  on  the  corresponding  feet. 
The  inheritance  of  the  lost  part  in  several  of  these  cases  is  all 
the  more  remarkable  as  only  one  parent  was  affected  ;  but  we 
know  that  a  congenital  deficiency  is  often  transmitted  from 
one  parent  alone — for  instance,  the  offspring  of  hornless  cattle 
of  either  sex,  when  crossed  with  perfect  animals,  are  often 
hornless.  How,  then,  in  accordance  with  our  hyjx)thesis  can  wo 
account  for  mutilations  being  sometimes  strongly  inherited,  if 
they  are  followed  by  diseased  action  ?  The  answer  probably 
is  that  all  the  gemmules  of  the  mutilated  or  amputated  part 
are  gradually  attracte<l  to  the  diseased  surface  during  the 
reparative  process,  and  are  there  destroyed  by  the  morbid 
action. 

A  few  words  must  be  added  on  the  complete  abortion  of 
organs.  When  a  part  becomes  diminished  by  disuse  pro- 
longed during  many  generations,  the  principle  of  economy  of 
growth,  together  with  intercrossing,  will  tend  to  redaoe  it 
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still  further  as  pi-oviously  explained,  but  this  will  not  account 
for  the  complete  or  almost  complete  obliteration  of,  for 
instance,  a  minute  papilla  of  cellular  tissue  representing  a 
pistil,  or  of  a  microscopically  minute  nodule  of  bone  repre- 
senting a  tooth.  In  certain  cases  of  suppression  not  yet 
completed,  in  which  a  rudiment  occasionally  reappears 
through  reversion,  dispersed  gemmules  derived  from  this  part 
must,  according  to  our  view,  still  exist ;  we  must  therefore 
suppose  that  the  cells,  in  union  with  which  the  rudiment  was 
formerly  developed,  fail  in  their  affinity  for  such  gemmules, 
except  in  the  occasional  cases  of  reversion.  But  when  the 
abortion  is  complete  and  final,  the  gemmules  themselves  no 
doubt  perish  ;  nor  is  this  in  any  way  improbable,  for,  though 
a  vast  number  of  active  and  long-dormant  gemmules  are 
nourished  in  each  living  creature,  yet  there  must  be  some 
limit  to  their  number ;  and  it  appears  natural  that  gemmules 
derived  from  reduced  and  useless  pai*ts  would  be  more  liable 
to  i>criHh  than  those  freshly  derived  from  other  parts  which 
are  still  in  full  functional  activity. 

The  last  subject  that  need  be  discussed,  namely.  Reversion, 
rests  on  the  pnnciple  that  transmission  and  development, 
though  generally  acting  in  conjunction,  are  distinct  powers ; 
and  the  transmission  of  gemmules  with  their  subsequent 
development  shows  us  how  this  is  possible.  Wo  plainly  see 
the  distinction  in  the  many  cases  in  which  a  grandfather 
transmits  to  his  grandson,  through  his  daughter,  characters 
which  she  does  not,  or  cannot,  possess.  But  before  proceeding, 
it  will  be  advisable  to  say  a  few  words  about  latent  or 
dormant  characters.  Most,  or  perhaps  all,  of  the  secondary 
characters,  which  appertain  to  one  sex,  lie  dormant  in  the 
other  sex ;  that  is,  gemmules  capable  of  development  into  the 
secondary  male  sexual  characters  are  included  within  ih(i 
female ;  and  conversely  female  characters  in  the  male :  we 
have  evidence  of  this  in  certain  masculine  characters,  both 
<;<)riK)rcal  and  mental,  appearing  in  the  female,  when  her 
ovaria  are  diseased  or  when  they  fail  to  act  from  old  age.  In 
like  manner  female  characters  ap|)ear  in  castrateil  males,  as 
in  the  shape  of  the  horns  of  the  ox,  and  in  the  absence  of 
horns   in  castrated  stags.     Even   a  slight  change    in    the 
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oonditions  of  lifo  due  to  confinement  sometimes  suffices  to  pre- 
vent the  development  of  masculine  characters  in  male  animals, 
although  their  reproductive  organs  are  not  permanently 
injured.  In  the  many  cases  in  which  masculine  characters 
are  periodically  renewed,  these  are  latent  at  other  seasons ; 
inheritance  as  limited  by  sex  and  season  being  here  com- 
bined. Again,  masculine  characters  generally  lie  dormant  in 
male  animals  until  they  arrive  at  the  proper  age  for  repro- 
duction. The  curious  case  formerly  given  of  a  Hen  which 
assumed  the  masculine  characters,  not  of  her  own  breed 
but  of  a  remote  progenitor,  illustrates  the  close  connection 
between  latent  sexual  characters  and  ordinary  reversion. 

With  those  animals  and  plants  which  habitually  produce 
several  forms,  as  with  certain  butterflies  described  by  3Ir. 
Wallace,  in  which  three  female  forms  and  one  male  form 
co-exist,  or,  as  with  the  trimorphic  species  of  Lythrum  and 
Oxalis,  gemmulcs  capable  of  reproducing  these  different  forms 
must  be  latent  in  each  individual. 

Insects  are  occasionally  produced  witli  one  side  or  one 
quai*ter  of  their  bodies  like  that  of  the  male,  with  the  other 
half  or  three-quarters  like  tliat  of  tlie  female.  In  such  cases 
the  two  sides  are  sometimes  wonderfully  different  in  structure, 
and  are  separated  from  each  other  by  a  sharp  line.  As  gem- 
mules  derived  from  every  part  are  present  in  each  individual 
of  both  sexes,  it  must  be  the  elective  affinities  of  the  nascent 
oolls  which  in  these  cases  difier  abnormally  on  the  two  sides 
of  the  body.  Almost  the  same  principle  cornea  into  play 
with  those  animals,  for  instance,  certain  gasteropods  and 
Verruca  amongst  cirripedcs,  which  normally  have  the  two 
sides  of  the  body  constructed  on  a  very  different  plan ;  and 
yet  a  nearly  equal  number  of  individuals  liave  either  side 
modified  in  the  same  remarkable  manner. 

Reversion,  in  the  ordinary  sense  of  the  word,  acts  so  inces- 
santly, that  it  evidently  forms  an  essential  part  of  the 
general  law  of  inheritance.  It  occurs  with  beings,  however 
propagated,  whether  by  buds  or  seminal  generation,  and 
sometimes  may  be  observed  with  advancing  age  even  in  the 
same  individual.  The  tendency  to  reversion  is  often  induced 
by  a  change  of  conditions,  and  in  the  plainest  manner  by 
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crossing.  Crossed  forms  of  the  firat  generation  are  generally 
nearly  intermediate  in  character  between  their  two  parents ; 
Vjut  in  the  next  generation  the  offspring  commonly  revert  to 
one  or  both  of  their  grandparents,  and  occasionally  to  more 
remote  ancestors.  How  can  we  account  for  these  facts? 
Each  unit  in  a  hybrid  must  throw  off,  according  to  the 
doctrine  of  pangenesis,  an  abundance  of  hybridised  gemmules, 
for  crossed  plants  can  be  readily  and  largely  propagated 
by  buds ;  but  by  the  same  hypothesis  dormant  gemmules 
derived  from  both  pure  parent-forms  are  likewise  present ; 
and  as  these  gemmules  retain  their  normal  condition,  they 
would,  it  is  probable,  be  enabled  to  multiply  largejy  during 
the  lifetime  of  each  hybrid.  Consequently  the  sexual  elements 
of  a  hybrid  will  include  both  pure  and  hybridised  gemmules ; 
and  when  two  hybrids  pair,  the  combination  of  pure  gem- 
mules derived  from  the  one  hybrid  with  the  pure  gemmules 
of  the  same  parts  derived  from  the  other,  would  necessarily 
lead  to  complete  reversion  of  character ;  and  it  is,  perhaps, 
not  too  bold  a  supposition  that  unmodified  and  undeteriorated 
gemmules  of  the  same  nature  would  be  especially  apt  to 
combine.  Pure  gemmules  in  combination  with  hybridised 
jjjcmmules  would  lead  to  partial  reversion.  And  lastly, 
hybridised  gemmules  derived  from  both  parent-hybrids 
would  simply  reproduce  the  original  hybrid  form."  All 
these  cases  and  degrees  of  reversion  incessantly  occur. 

It  was  shown  in  the  fifteenth  chapter  that  certain  characters 
are  antagonistic  to  each  other  or  do  not  readily  blend  ;  hence, 
when  two  animals  with  antagonistic  characters  are  crossed, 
it  might  well  happen  that  a  sufficiency  of  gemmules  in  the  male 
alone  for  the  reproduction  of  his  peculiar  characters,  and  in  the 
female  alone  for  the  reproduction  of  her  peculiar  characters, 
would  not  Iw  present ;  and  in  this  case  dormant  gemmules 
derived  from  the  same  part  in  some  remote  progenitor  might 
lasily  gain  the  ascendancy,  and  cause  the  reappearance  of 
the  long-lost  character.  For  instance,  when  black  and  white 
pigeons,  or  black  and  white  fowls,  are  crosse*!,— colours  which 

•*  Id  those  remarks  I,  in  fact,  species  which  are  crossel.  S<'e  h'\% 
f.llc.w  Naiulin,  who  speaks  of  the  exiellent  memoir  in  the  *XouvelIes 
I'lenioDts    or    essences    of    the    two       Archives  du  Mus<f'am,'  itm.  i.  p.  lol. 
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do  not  readily  blend, — blue  plumage  in  the  one  ease,  evidently 
derived  from  the  rock-pigeon,  and  red  plumage  in  the  other 
case,  derived  from  the  wild  jungle-cock,  occafiionally  reappear. 
With  uncrossed  breeds  the  same  result  follows,  under  condi- 
tions which  favour  the  multiplication  and  development   of 
certain  dormant  gemmules,  as  when  animals  become   feral 
and  revert  to  their  pristine  character.     A  certain  number  of 
gemmules  being  requisite  for  the  development  of  each  cha- 
racter, as  is  known  to  be  the  case  from  several  spermatozoa 
or  pollen-grains  being  necessary  for  fertilisation,   and  time 
favourfng  their  multiplication,  will  perhaps  account  for  the 
curious  cases,  insisted  on  by  Mr.  Sedgwick,  of  certain  diseases 
which  regularly  appear  in  alternate  generations.     This  like- 
wise holds  good,  more  or  less  strictly,  with  other  weakly 
inherited  modifications.     Hence,  as  I  have  heard  it  remarked, 
certain  diseases  appear  to  gain  strength  by  the  intermission 
of  a   generation.     The  transmission  of  dormant  gemmuleii 
during  many  successive  generations  is  hardly  in  itself  mon^ 
imi)rol)able,   as   previously    remarked,    than    the    retention 
during  many  ages  of  rudimentary  organs,  or  even  only  of  a 
tendency  to  the  production  of  a  rudiment ;  but  there  is  no 
reason  to  suppose  that  dormant  gemmules  can  be  transniitteil 
and  propagated  for  ever.     Kxcessively  minute  and  numerous 
as  tlicy  are  believed  to  be,  an  infinite  number  derived,  during 
a  long  course  of  modification  and  descent,  from  each  unit  of 
each  progenitor,  could  not  be  supi)orted  or  nourished  by  the 
organism.     But   it  does   not  seem  improbable   that  certain 
gemmules,  under  favourable  conditions,  should  bo  retained 
and    go    on   multiplying    for    a   much   longer   period   than 
others.     Finally,  on  the  view  here  given,  we  certainly  gain 
some  insight  into  the  wonderful  fact  that  the   child    may 
depart  from  the  type  of  both  its  parents,  and  resemble  its 
grandparents,  or  ancestors  removed   by   many  hundreds  of 
generations. 

Conclusion. 

The  hyj>otliesis  of  TangenesiH,  as  applied  to  the  several 
great  clashes  of  facts  just  discusseil,  no  doubt  is  extremely 
complex,  but  so  are  the  facts.     The  chief  assumption  is  that 
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all  the  units  of  tlio  body,  bcsidos  having  the  universally  ad- 
mitted power  of  growing  by  self-division,  throw  oflf  minute 
gemmules  which  are  dispersed  through  the  system.  Nor  can 
this  assumption  be  considered  as  too  bold,  for  we  know  from 
the  cases  of  graft -hybridisation  that  formative  matter  of  some 
kind  is  present  in  the  tissues  of  plants,  which  is  capable  of 
combining  with  that  included  in  another  individual,  and  of 
reproducing  every  unit  of  the  whole  organism.  But  we  have 
further  to  assume  that  the  gemmules  grow,  multiply,  and 
aggregate  themselves  into  buds  and  the  sexual  elements; 
their  development  depending  on  their  union  with  other 
nascent  cells  or  units.  They  are  also  believed  to  be  capable 
of  transmission  in  a  dormant  state,  like  seeds  in  the  ground, 
to  successive  generations. 

In  a  highly-organised  animal,  the  gemmules  thrown  oflf 
from  each  different  unit  throughout  the  body  must  be  incon- 
ceivably numerous  and  minute.  Each  unit  of  each  part,  as 
it  changes  during  development,  and  we  know  that  some 
insects  undergo  at  least  twenty  metamorphoses,  must  throw 
off  its  gemmules.  But  the  same  cells  may  long  continue 
to  increase  by  self-division,  and  even  become  modified  by 
absorbing  peculiar  nutriment,  without  necessarily  throwing 
off  modified  gemmules.  All  organic  l)eing8,  moreover,  inoludo 
many  dormant  gemmules  derived  from  their  grandparents 
and  more  remote  progenitors,  but  not  from  all  their  pro- 
genitors. These  almost  infinitely  numerous  and  minute 
gemmr.k'S  are  contained  within  each  bud,  ovule^  spenna- 
tozoon,  and  pollen-grain.  Such  an  admission  will  be  de- 
(!lar(Ml  impossible;  but  number  and  size  are  only  relative 
difliculties.  Independent  organisms  exist  which  are  barely 
vl^ihle  under  the  highest  powers  of  the  microscope,  and  their 
«;orm8  must  bo  excessively  minute.  Particles  of  infectious 
matter,  so  small  as  to  bo  waftod  by  the  wind  or  to  adhere  to 
Km(H)th  paper,  will  multiply  so  rapidly  as  to  infect  within  a 
Kliort  time  the  whole  body  of  a  large  animal.  We  should 
also  reflect  on  the  admitted  number  and  minuteness  of 
the  molecules  composing  a  particle  of  ordinary  matter. 
The  difficulty,  therefore,  which  at  first  appears  insurmount- 
able, of  Ixjlieving  in  the.existenco  of  gemmules  so  numerous 
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and  bidbII  as  tbey  must  be  according  to  oar 
no  great  weight. 

'I'hi!  units  (>r  tbe  Ixidy  are  generally  aiiniittal  by  pbysii 
gists  to  be  aut^inomoiis.     I  go  oiio  Bti.'p  further  ttnd 
that  tbey  throw  off  reproductive  gcmiiiuleii.     'i'hua  an 
iaiu  dncB  not  generate  its  kind  an  a  whole,  bat  each  se] 
unit  generates  itg  kind.     It  liae  DfU>n  bccii  said  by  nati 
that  each  cell  of  a  plant  hae  tbe  putuiiliat  eapauity  of  repro- 
Jnuing  the  whole  plant ;  but  it  has  this  power  ouly  in  virtno 
of  containing  gcinimnles  derived  from  every  part. 
cell  or  unit  is  from  some  cause  modified,  the  gemmnlea  derii 
from  it  will  bo  iu  like  manner  modified.     If  our  lijpot 
1)0  pTOTisionally  accepted,  we  mnet  look  at  all  tlie  furmS'i 

asexnal  reproduction,  whether  occurring  at  maturity  or  di       

youth,  as  fundamentally  the  same,  and  dopeudeiit  uu  iho 
mutual  aggregation  and  multiplication  of  the  genitnalee. 
'I'be  re-growth  of  an  amputated  limb  and  the  healing  of  a 
wound  is  the  some  process  partially  carried  out.  Btid» 
apparently  inolude  nasoent  cello,  belonging  to  tluit  stAge 
development  at  which  the  budding  occurs,  nitd  thetse  I'eUa 
ready  to  unite  with  the  gcmmules  derived  from  the 
sneoceding  cells.  The  sexual  elements,  on  the  other 
do  not  include  such  nascent  cells  ;  and  tlio  male  and  fi; 
elements  taken  separately  do  not  contain  a  suRicient  nni 
of  gemmules  for  independent  development,  except 
oases  of  parthenogeijesiH.  The  development  of  each 
including  all  tbe  forms  of  nietamorphosis  and  raof 
depends  on  the  presence  of  gcmmules  ihrown  off  at 
period  of  life,  and  on  tboir  development,  at  a  correa] 
period,  in  union  with  preceding  ccUa.  Such  ewllB  ttuy-, 
said  to  be  fertilised  by  thogcmnmlcs  which  oome  next  itii" 
order  of  development.  Thus  tho  act  of  ordinary  imjireg* 
nation  and  the  development  of  each  part  in  each  being  are 
oloacly  analogous  processes.  The  child,  etrietly  Ki>eakiiig. 
does  not  grow  into  the  man,  but  includes  germs  which  alowtjr 
and  successively  become  developed  and  form  tho  man.  Jn 
tbo  child,  OS  well  as  in  the  adult,  each  part  generates  tlio 

part.     Inheritance  must  be  looked  at  as  merely  a  ft 
of  gn»wlh,  like  the  solf-division  of  a  lowly-organitcd 
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cellular  organism.  Bcyersion  depends  on  the  transmission 
from  the  forefather  to  his  descendants  of  dormant  gemmules, 
which  occasionally  become  developed  under  certain  known  or 
unknown  conditions.  Each  animal  and  plant  may  be  com- 
pared with  a  bed  of  soil  full  of  seeds,  some  of  which  soon 
germinate,  some  lie  dormant  for  a  period,  whilst  others 
perish.  When  we  hear  it  said  that  a  man  carries  in  his 
constitution  the  seeds  of  an  inherited  disease,  there  is  much 
truth  in  the  expression.  No  other  attempt,  as  far  as  I  am 
aware,  has  been  made,  imperfect  as  this  confessedly  is,  to 
connect  under  one  point  of  view  these  several  grand  classes 
of  facts.  An  organic  being  is  a  microcosm — a  little  universe, 
formed  of  a  host  of  self-propagating  organisms,  inconceivably 
minute  and  numerous  as  the  stars  in  heaven. 
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CHAPTER  XXVIIL 

CONCLUDING  REMARKS. 

DOMESTICATION — NATURE  AND  CAUSES  OF  VABIABILITY— SEI.ECTION — DITER- 
GENCE  AND  DISTINCTNESS  OF  CHARACTER  —  EXTINCTION  OF  RACES — 
CIBC€]f8TANGBB  VATOURABLB  TO  SELECTION  BY  MAN — ANTIQUITT  OF 
CERTAIN  RACES — THS  QUESTION  WHETUEB  £.\CU  PARTICULAR  TARLATION 
HAS  BEEN  SPECIALLY  PREORDAINED. 

As  summaries  have  been  added  to  nearly  all  the  chapters,  and 
as,  in  the  chapter  on  pangenesis,  various  subjects,  such  as  the 
forms  of  reproduction,  inheritance,  reversion,  the  causes  and 
laws  of  variability,  <fec.,  have  been  recently  discussed,  I  will 
here  only  make  a  few  general  remarks  on  the  more  important 
conclusions  which  may  be  deduced  from  the  multifarious 
details  given  throughout  this  work. 

Savages  in  all  parts  of  the  world  easily  succeed  in  taming 
wild  animals ;  and  those  inhabiting  any  country  or  island, 
when  first  visited  by  man,  would  probably  have  been  still 
more  easily  tamed.  Complete  subjugation  generally  depends 
on  an  animal  being  social  in  its  habits,  and  on  receiving  man 
as  the  chief  of  the  herd  or  family.  In  order  that  an  animal 
shoidd  be  domesticated  it  must  be  fertile  under  changed  con- 
ditions of  life,  and  this  is  far  from  being  always  the  case.  An 
animal  woidd  not  have  been  worth  the  labour  of  domestica- 
tion, at  least  during  early  times,  unless  of  service  to  man. 
From  these  circumstances  the  number  of  domesticated  animals 
has  never  been  large.  AVith  respect  to  plants,  I  have  shown 
in  the  ninth  chapter  how  their  varied  uses  were  probably 
first  discovered,  and  the  early  steps  in  their  cultivation.  Man 
could  not  have  known,  when  he  first  domesticated  an  animal 
or  plant,  whether  it  would  flourish  and  multiply  when  trans- 
ported to  other  countries,  therefore  he  could  not  have  been 
thus  influenced  in  his  choice.  We  sec  that  the  close  adapta- 
tion of  the  reindeer  and  camel  to  extremely  cold  and  hot 
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countries  has  not  proventod  their  domestication.  Still  less 
could  man  have  foreseen  whether  his  animals  and  plants 
would  vary  in  succeeding  generations  and  thus  give  birth  to 
new  races ;  and  the  small  capacity  of  variability  in  the  goose 
has  not  prevented  its  domestication  from  a  remote  epoch. 

With  extremely  few  exceptions,  all  animals  and  plants 
which  have  been  long  domesticated  have  varied  greatly.  It 
matters  not  under  what  climate,  or  for  what  purpose  they  are 
kept,  whether  as  food  for  man  or  beast,  for  draught  or  hunt- 
ing, for  clothing  or  mere  pleasure, — under  all  these  circum- 
stances races  have  been  produced  which  differ  more  from  one 
another  than  do  the  forms  which  in  a  state  of  nature  are 
ranked  as  different  species.  Why  certain  animals  and  plants 
have  varied  more  under  domestication  than  others  we  do  not 
know,  any  more  than  why  some  are  rendered  more  sterile 
than  others  under  changed  conditions  of  life.  But  we  have 
to  judge  of  the  amount  of  variation  which  our  domestic  pro- 
ductions have  undergone,  chiefly  by  the  number  and  amount 
of  difference  between  the  races  which  have  been  formed,  and 
we  can  often  clearly  see  why  many  and  distinct  races  have 
Tiot  been  formed,  namely,  because  slight  successive  variations 
have  not  been  steadily  accumulated ;  and  such  vanations  will 
never  be  accumulated  if  an  animal  or  plant  bo  not  closely 
ol)Kcrvcd,  much  valued,  and  kept  in  large  numbers. 

The  fluctuating,  and,  as  far  as  we  can  judge,  never-ending 
variability  of  our  domesticated  productions, — the  plasticity  of 
almost  their  whole  organisation, — is  one  of  the  most  important 
lessons  which  we  learn  from  the  numerous  details  given  in 
the  earlier  chapters  of  this  work.  Yet  domesticated  animals 
and  plants  can  hardly  have  been  exposed  to  greater  changes 
in  their  conditions  of  life  than  have  many  natural  species 
(luring  the  incessant  geological,  geographical,  and  climatal 
changes  to  which  the  world  has  been  subject;  but  domes- 
ticated productions  will  often  have  been  exposed  to  more 
Kudden  changes  and  to  less  continuously  uniform  conditions. 
As  man  has  domesticated  so  many  animals  and  plants  be- 
longing to  widely  different  classes,  and  as  he  certainly  did  not 
choose  with  prophetic  instinct  thos6  species  which  would  vary 
most,  we  may  infer  that  all  natural  species,  if  exposed  to 
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analogous  conditions,  would,  on  an  average,  Yary  to  the  samo 
degree.  Few  men  at  the  present  day  will  maintain  that 
animals  and  plants  were  created  with  a  tendency  to  vary, 
which  long  remained  dormant,  in  order  that  fanciers  in  after 
ages  might  rear,  for  instance,  curious  breeds  of  the  fowl, 
pigeon,  or  canary-bird. 

From  several  causes  it  is  difficult  to  judge  of  the  amount 
of  modification  which  our  domestic  productions  have  under- 
gone. In  some  cases  the  primitive  jiarent- stock  has  become 
extinct ;  or  it  cannot  be  recognised  with  certainty,  owing  to 
its  supposed  descendants  having  been  so  much  modified.  In 
other  cases  two  or  more  closely-allied  forms,  after  being 
domesticated,  have  crossed ;  and  then  it  is  difficult  to  estimate 
how  much  of  the  character  of  the  present  descendants  ought 
to  be  attributed  to  variation,  and  how  much  to  the  influence 
of  the  several  parent-stocks.  But  the  degree  to  which  our 
domesticated  breeds  have  been  modified  by  the  crossing  of 
distinct  sjjecies  has  probably  been  much  exaggerated  by  some 
authors.  A  few  individuals  of  one  form  would  seldom  per- 
manently affect  another  form  existing  in  greater  numbers ; 
for,  without  careful  selection,  the  stain  of  the  foreign  bloo^l 
would  soon  bo  obliterated,  and  during  early  and  barbarouK 
times,  when  our  animals  were  first  domesticated,  such  cart? 
would  seldom  have  been  taken. 

There  is  good  reason  to  believe  in  the  case  of  the  dog,  ox, 
pig,  and  of  some  other  animals,  that  several  of  our  races  are 
descended  from  distinct  wild  prototypes ;  nevertheless  the 
belief  in  the  multiple  origin  of  our  domesticated  animals  lias 
been  extended  by  some  few  naturalists  and  by  many  breeders 
to  an  unauthorised  extent.  Breeders  refuse  to  look  at  the 
whole  subject  under  a  single  point  of  view;  I  have  heard 
it  said  by  a  man,  who  maintained  that  our  fowls  were  de- 
scended from  at  least  half-a-dozen  al}original  species,  that  the 
evidence  of  the  common  ongin  of  })igeons,  ducks  and  rabbits, 
was  of  no  avail  with  respect  to  fowls.  Breeders  overlook 
the  improbability  of  many  species  having  been  domesticated 
at  an  early  and  barbarous  perioil.  They  do  not  consider  the 
improbability  of  species  having  existed  in  a  state  of  nature 
which,  if  they  resembled  our  i)resent  domestic  bre^tls,  would 
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liavo  been  highly  abnormal  in  comparison  with  all  their 
congeners.  They  maintain  that  certain  species,  which 
formerly  existed,  have  become  extinct,  or  are  now  unknown, 
although  formerly  known.  The  assumption  of  so  much 
recent  extinction  is  no  difficulty  in  their  eyes ;  for  they  do 
not  judge  of  its  probability  by  the  facility  or  difficulty  of  the 
extinction  of  other  closely-allied  wild  forms.  Lastly,  they 
often  ignore  the  whole  subject  of  geographical  distribution  as 
completely  as  if  it  were  the  result  of  chanco. 

Although  from  the  reasons  just  assigned  it  is  often  difficult 
to  judge  accurately  of  the  amount  of  change  which  our 
domesticated  productions  have  undergone,  yet  this  can  be 
ascertained  in  the  cases  in  which  all  the  breeds  are  known 
to  be  descended  from  a  single  species, — as  with  the  pigeon, 
duck,  rabbit,  and  almost  certainly  with  the  fowl;  and  by  the 
aid  of  analogy  this  can  be  judged  of  to  a  certain  extent  with 
domesticated  animals  descended  from  several  wild  stocks.  It 
is  iniix)88ible  to  read  the  details  given  in  the  earlier  chapters 
aud  in  many  published  works,  or  to  visit  our  various  ex- 
hibitions, without  being  deeply  impressed  with  the  extreme 
variability  of  our  domesticated  animals  and  cultivated  plants. 
No  part  of  the- organisation  escapes  the  tendency  to  vary. 
The  variations  generally  affect  parts  of  small  vital  or  physio- 
l()j;ical  importance,  but  so  it  is  with  the  differences  which 
exist  between  closely-allied  species.  In  these  unimportant 
characters  there  is  often  a  greater  difference  between  the 
breeds  of  the  same  species  than  between  the  natural  species 
of  the  same  genus,  as  Isidore  Geoffrey  has  shown  to  be  the 
caso  with  size,  and  as  is  often  the  case  with  the  colour, 
t(^xture,  form,  &c,,  of  the  hair,  feathers,  horns,  and  other 
dermal  appendages. 

It  has  ofte^  been  asserted  that  important  parts  never  vary 
under  domestication,  but  this  is  a  complete  error.  Look  at 
the  skull  of  the  pig  in  any  one  of  the  highly  improved  breeds, 
with  the  occipital  condyles  and  other  parts  greatly  modified ; 
or  look  at  that  of  the^lata  ox.  (Jr,  again,  in  the  several 
breeds  of  the  rabbit,  observe  the  elongated  skull,  with  the 
differently  shaped  occipital  foramen,  atlas,  and- other  cervical 
vertebne.     The  whole  shape  of  the  brain,  together  with  the 
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i^kiill,  has  been  modified  in  Polish  fowls ;  in  other  brcedii  of 
the  fowl  the  number  of  the  vertebrae  and  the  forms  of  the 
cervical  vertebras  have  been  changed.  In  certain  pigeons  the 
shape  of  the  lower  jaw,  the  relative  length  of  the  tongue,  the 
size  of  the  nostrils  and  eyelids,  the  number  and  shape  of  the 
ribs,  the  form  and  size  of  the  oesophagus,  have  all  varied.  In 
certain  quadrupeds  the  length  of  the  intestines  has  been  mnch 
increased  or  diminished.  With  plants  wo  see  wonderful 
differences  in  the  stones  of  various  fruits.  In  the  Cucur- 
bitaceaa  several  highly  important  characters  have  varied^  such 
as  the  sessile  position  of  the  stigmas  on  the  ovarium,  the 
position  of  the  carpels,  and  the  projection  of  the  ovarium  out 
of  the  receptacle.  But  it  would  be  useless  to  run  through 
the  many  facts  given  in  the  earlier  chapters. 

It  is  notorious  how  greatly  the  mental  disposition,  tastes, 
habits,  consensual  movements,  loquacity  or  silence,  and  tone 
of  voice  have  varied  and  been  inherited  in  our  domesticated 
animals.  The  dog  offers  the  most  striking  instance  of  changed 
mental  attributes,  and  these  differences  cannot  be  accounted 
for  by  descent  from  distinct  wild  types. 

New  characters  may  appear  and  old  ones  disappear  at  any 
stage  of  development,  being  inherited  at  a  corresponding 
stage.  We  see  this  in  the  difference  between  the  eggs,  the 
down  on  the  chickens  and  the  first  plumage  of  the  various 
breeds  of  the  fowl ;  and  still  more  plainly  in  the  differences 
between  the  caterpillars  and  cocoons  of  the  various  breeds  of 
the  silk-moth.  These  facts,  simple  as  they  appear,  throw  light 
on  the  differences  between  the  larval  and  adult  states  of 
allied  natural  species,  and  on  the  whole  great  subject  of  cm- 
bryology.  New  characters  first  appearing  late  in  life  are  apt 
to  become  attached  exclusively  to  that  sex  in  which  they 
first  arose,  or  they  may  be  developed  in  a  much  higher  degree 
in  this  than  in  the  other  sex ;  or  again,  after  having  become 
attached  to  one  sex,  they  may  be  transferred  to  the  opposite 
sex.  These  facts,  and  more  especially  the  circumstance  that 
new  characters  seem  to  be  particularly  liable,  from  some 
unknown  cause,  to  become  attached  to  the  male  sex,  have  an 
important  bearing  on  the  acquirement  of  secondary  sexual 
characters  by  animals  in  a  state  of  nature. 
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It  has  sometimes  been  said  that  our  domestic  races  do  not 
differ  in  constitutional  peculiarities,  but  this  cannot  be  main- 
tained. In  our  improved  cattle,  pigs,  &c.,  the  period  of 
maturity,  including  that  of  the  second  dentition,  has  been 
much  hastened.  The  i)eriod  of  gestation  varies  much,  and 
has  been  modified  in  a  fixed  manner  in  one  or  two  cases.  In 
some  breeds  of  poultry  and  pigeons  the  period  at  which  the 
down  and  the  first  plumage  are  acquired,  differs.  The  number 
(^f  moults  through  which  the  larve  of  silk-moths  pass,  varies. 
The  tendency  to  fatten,  to  yield  much  milk,  to  produce  many 
young  or  eggs  at  a  birth  or  during  life,  differs  in  different 
breeds.  We  find  different  degrees  of  adaptation  to  climate, 
and  different  tendencies  to  certain  diseases,  to  the  attacks  of 
parasites,  and  to  the  action  of  certain  vegetable  poisons. 
With  plants,  adaptation  to  certain  soils,  the  power-of  resisting 
frost,  the  period  of  flowering  and  fruiting,  the  duration  of 
life,  the  period  of  shedding  the  leaves  or  of  retaining  them 
throughout  the  winter,  the  proportion  and  nature  of  certain 
chemical  compounds  in  the  tissues  or  seeds,  all  vary. 

There  is,  however,  one  important  constitutional  difference 
l>€tvveen  domestic  races  and  species ;  I  refer  to  the  sterility 
which  almost  invariably  follows,  in  a  greater  or  less  degree, 
when  species  are  crossed,  and  to  the  perfect  fertility  of  the 
most  distinct  domestic  races,  with  the  exception  of  a  very 
few  plants,  when  similarly  crossed.  It  is  certainly  a  most 
remarkable  fact  that  many  closely-allied  species,  which  in 
appearance  differ  extremely  little,  should  yield  when  crossed 
only  a  few  more  or  less  sterile  ofispring,  or  none  at  all; 
whilst  domestic  races  which  differ  conspicuously  from  each 
other  are,  when  united,  remarkably  fertile,  and  yield  perfectly 
fertile  offspring.  But  this  fact  is  not  in  reality  so  inexplicable 
ii»  it  at  first  appears.  In  the  first  place,  it  was  clearly  shown 
in  the  nineteenth  chapter  that  the  sterility  of  crossed  species 
dues  not  depend  chiefly  on  differences  in  their  external  struc- 
ture or  general  constitution,  but  on  differences  in  the  repro- 
ductive system,  analogous  to  those  which  cause  the  lessened 
fertility  of  the  illegitimate  unions  of  dimorphic  and  trimorphic 
plants.  In  the  second  place,  the  Fallasian  doctrine,  that 
H2>ecies  after  having  been  long  domesticated  lose  their  natural 
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tendency  to  sterility  when  crossed,  has  been  shown  to  be 
highly  probable  or  almost  certain.  We  cannot  avoid  this 
conclusion  when  we  reflect  on  the  parentage  and  present 
fertility  of  the  several  breeds  of  the  dog,  of  the  Indian  or 
humped  and  European  cattle,  and  of  the  two  chief  kinds  of 
pigs.  Hence  it  would  be  unreasonable  to  expect  that  races 
formed  under  domestication  should  acquire  sterility  when 
crossed,  whilst  at  the  same  time  we  admit  that  domestication 
eliminates  the  normal  sterility  of  crossed  species.  "Why  with 
closely-allied  species  their  reproductive  systems  should  almost 
invariably  have  been  modified  in  so  peculiar  a  manner  as  to 
be  mutually  incapable  of  acting  on  each  other — though  in  un- 
equal degrees  in  the  two  sexes,  as  shown  by  the  difference  in 
fertility  between  reciprocal  crosses  of  the  same  species — wo 
do  not  know,  but  may  with  much  probability  infer  the  cause 
to  be  as  follows.  Most  natural  species  have  been  habituated  to 
nearly  uniform  conditions  of  life  for  an  incomparably*longer 
time  than  have  domestic  races;  and  wo  positively  know  that 
changed  conditions  exert  an  especial  and  powerful  influence 
on  the  reproductive  system.  Hence  this  difference  may  well 
account  for  the  difference  in  the  power  of  ro])roduction  between 
domestic  races  when  crossed  and  species  when  crossed.  It  is 
probably  in  chief  part  owing  to  the  same  cause  that  domestic 
races  can  bo  suddenly  transported  from  one  climate  to 
another,  or  placed  under  widely  different  conditions,  and  yet 
retain  in  most  cases  their  fertility  unimpaired ;  whilst  a 
multitude  of  species  subjected  to  lesser  changes  are  rendered 
incapable  of  breeding. 

The  offspring  of  crossed  domestic  races  and  of  crossed 
species  resemble  each  other  in  most  respecti*,  with  the  one  im- 
portant exception  of  fertility  ;  they  often  partake  in  the  same 
unequal  degree  of  the  characters  of  their  parents,  one  of 
which  is  often  prepotent  over  the  other ;  and  they  are  liable 
to  reversion  of  the  same  kind.  By  successive  crosses  one 
species  may  be  made  to  absorb  completely  another,  and  so 
it  notoriously  is  with  races.  The  latter  resemble  species  in 
many  other  ways.  They  sometimes  inherit  their  newly- 
acquired  characters  almost  or  even  quite  as  firmly  as  species. 
The  conditions  leading  to  variability  and  the  laws  governing 
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its  nature  appear  to  be  the  same  in  both.  Varieties  can  be 
classed  in  groups  under  groups,  like  species  under  genera,  and 
these  under  families  and  orders ;  and  the  classification  may 
Ik)  either  artificial, — that  is,  founded  on  any  arbitrary  cha- 
racter,— or  natural.  With  varieties  a  natural  classification 
is  certainly  founded,  and  with  species  is  apparently  founded, 
on  community  of  descent,  together  with  the  amount  of  modi- 
fication which  the  forms  have  undergone.  The  ch%facters 
by  which  domestic  varieties  differ  from  one  another  are  more 
variable  than  those  distinguishing  species,  though  hardly 
more  so  than  with  certain  polymorphic  species;  but  this 
greater  degree  of  variability  is  not  surprising,  as  varieties 
have  generally  been  exposed  within  recent  times  to  fluctu- 
ating conditions  of  life,  and  are  much  more  liable  to  have 
l)eon  crossed ;  they  are  also  in  many  cases  still  undergoing, 
or  have  recently  undergone,  modification  by  man's  methodical 
or  unconscious  selection. 

Domestic  varieties  as  a  general  rule  certainly  differ  from 
one  another  in  less  important  parts  than  do  species;  and 
when  important  diffbreuces  occur,  they  are  seldom  firmly 
fixed;  but  this  fact  is  intelligible,  if  we  consider  man's 
method  of  selection.  In  the  living  animal  or  plant  he  cannot 
oljserve  internal  modifications  in  the  more  important  organs  ; 
nor  does  he  regard  them  as  long  as  they  are  compatible  with 
health  and  life.  What  docs  the  breeder  care  about  any 
slight  change  in  the  molar  teeth  of  his  pigs,  or  for  an  ad- 
(litional  mular  tooth  in  the  dog;  or  for  any  change  in  the 
intestinal  canal  or  other  internal  organ?  The  breeder  cares 
fur  the  flesh  of  his  cattle  being  well  marbled  with  fat,  and 
tor  an  accumulation  of  fat  within  the  abdomen  of  his  sheep, 
and  this  he  has  effected.  What  would  the  floriculturist  care 
for  any  change  in  the  structure  of  the  ovarium  or  of  the 
ovules  ?  As  important  internal  organs  are  certainly  liable 
to  numerous  slight  variations,  and  as  these  would  probably 
be  transmitted,  for  many  strange  monstrosities  are  inherite<l, 
man  could  undoubtedly  effect  a  cei-tain  amount  of  change  in 
those  organs.  When  he  has  produced  any  modification  in  an 
important  part,  he  has  generally  done  so  unintentionally, 
in  a)rrelation  with  some  other  conspicuous  part.  For  in- 
stance, he  has  given  ridges  and  protubei^ances  to  the  skulls 
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of  fowls,  by  attending  to  the  form  of  the  comb,  or  to  the 
plume  of  feathers  on  the  head.  By  attending  to  the  external 
form  of  the  pouter-pigeon,  he  has  enormously  increaned  the 
size  of  the  oesophagus,  and  has  added  to  the  number  of  the 
ribs,  and  given  them  greater  breadth.  With  the  carrier- 
pigeon,  by  increasing  through  steady  selection  the  ^wattles 
on  the  upper  mandible,  he  has  greatly  modified  the  form  of 
the  lo^or  mandible ;  and  so  in  many  other  cases.  Natural 
species,  on  the  other  hand,  have  been  modified  exclusively 
for  their  own  good,  to  fit  them  for  infinitely  diversified  con- 
ditions of  life,  to  avoid  enemies  of  all  kinds,  and  to  stmeglo 
against  a  host  of  competitors.  Hence,  under  such  complex 
conditions,  it  would  often  happen  that  modifications  of  the 
most  varied  kinds,  in  important  as  well  as  in  unimportant 
parts,  would  be  advantageous  or  even  necessary ;  and  they 
would  slowly  but  surely  be  acquired  through  the  survival 
of  the  fittest.  Still  more  important  is  the  fact  that  Tarious 
indirect  modifications  would  likewise  arise  through  the  law 
of  correlated  variation. 

Domestic  breeds  often  have  an  abnormal  or  semi-monstrous 
character,  as  amongst  dogs,  the  Italian  greyhound,  bulldog, 
Blenheim  spaniel,  and  bloodhound, — some  breeds  of  cattle 
and  pigs, — several  breeds  of  the  fowl, — and  the  chief  breeds 
of  the  pigeon.  In  such  abnormal  breeds,  parts  which  differ 
but  slightly  or  not  at  all  in  the  allied  natural  species,  have 
been  greatly  modified.  This  may  be  accounted  for  by  man's 
often  selecting,  especially  at  first,  conspicuous  and  semi- 
monstrous  deviations  of  structure.  We  should,  however, 
be  cautious  in  deciding  what  deviations  ought  to  be  called 
monstrous :  there  can  hardly  be  a  doubt  that,  if  the  brush 
of  horse-like  hair  on  the  breast  of  the  turkey-cock  had  first 
appeared  in  the  domesticated  bird,  it  would  have  been  con- 
sidered as  a  monstrosity ;  the  great  plume  of  feathers  on  the 
head  of  the  Polish  cock  has  been  thus  designated,  though 
plumes  are  common  on  the  heads  of  many  kinds  of  birds ; 
we  might  call  the  wattle  or  corrugated  skin  round  the  base 
of  the  beak  of  the  English  carrier- i)igeon  a  monstrosity, 
but  we  do  not  thus  speak  of  the  globular  fleshy  excrescence 
at  the  base  of  the  l)eak  of  the  Carpophaga  oceanica. 

Some  authors   liave  drawn   a   wide    distinction   between 
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artificial  and  natural  breeds ;  although  in  extreme  cases  the 
distinction  is  plain,  in  many  other  cases  it  is  arbitrary;  the 
difference  depending  chiefly  on  the  kind  of  selection  which 
has  been  applied.  Artificial .  breeds  are  those  which  have 
In^en  intentionally  improved  by  man;  they  frequently  have 
an  unnatural  appearance,  and  are  especially  liable  to  lose 
their  chai*acters  through  reversion  and  continued  variability. 
The  so-called  natural  breeds,  on  the  other  hand,  are  those 
which  are  found  in  semi-civilised  countries,  and  which 
formerly  inhabited  separate  districts  in  nearly  all  the 
Euroi)ean  kingdoms.  They  have  been  rarely  acted  on  by 
man's  intentional  selection ;  more  frequently  by  unconscious 
selection,  and  partly  by  natural  selection,  for  animals  kept 
in  semi-civilised  countries  have  to  provide  largely  for  their 
own  wants.  Such  natural  breeds  will  also  have  been  directly 
aeted  on  by  the  differences,  though  slight,  in  the  surrounding 
eonditions. 

There  is  a  much  more  important  distinction  between  our 
tsevenil  breeds,  namely,  in  some  having  originated  from  a 
strongly-marked  or  semi-monstrous  deviation, of  structure, 
whicli,  however,  may  subsequently  have  been  augmented 
])V  selection;  whilst  others  have  been  formed  in  so  slow 
and  insensible  a  manner,  that  if  we  could  see  their  early  pro- 
genitors we  should  hardly  bo  able  to  say  when  or  how  the 
breed  first  arose.  From  the  history  of  the  racehorse,  grey- 
hound, gamecock,  &c.,  and  from  their  general  appearance, 
wo  may  feel  nearly  confident  that  they  were  formed  by  a 
slow  process  of  improvement;  and  we  know  that  this  has 
lHK*n  the  case  with  the  carrier-pigeon,  as  well  as  with  some 
other  pigeons.  On  the  other  hand,  it  is  oeitain  that  the 
ancon  and  mauchamp  breeds  of  sheep,  and  almost  certain 
that  the  niata  cattle,  turnspit,  and  pug-dogs,  jumper  and 
frizzled  fowls,  short-faced  tumbler  pigeons,  hook-billed  ducks, 
Sci).,  suddenly  appeared  in  nearly  the  same  state  as  wo  now 
sec  them.  So  it  has  been  with  many  cultivated  plants.  The 
Ireciuoncy  of  these  cases  is  likely  to  lead  to  the  false  belief 
that  natural  species  have  often  originated  in  the  same  abrupt 
manner,  l^ut  we  have  no  evidence  of  the  appearance,  or  at 
hast  of  tlie  continued  procreation,  under  nature,  of  abrupt 
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modifications  of  strncture ;  and  various  general  reaaons  oould 
be  assigned  against  such  a  belief. 

On  the  other  hand,  we  have  abundant  evidence  of  the 
constant  occurrence  under  nature  of  slight  individual  differ- 
ences of  the  most  diversified  kinds ;  and  we  are  thus  led  to 
conclude  that  species  have  generally  originated  by  the  natural 
selection  of  extremely  slight  differences.  This  process  may 
be  strictly  compared  with  the  slow  and  gradual  improvement 
of  the  racehorse,  greyhound,  and  gamecock.  As  every  detail 
of  structure  in  each  species  has  to  bo  closely  adapted  to  its 
habits  of  life,  it  will  rarely  happen  that  one  part  alone  will 
bo  modified;  but,  as  was  formerly  shown,  the  co-adapted 
modifications  need  not  bo  absolutely  simultaneous.  Many 
variations,  however,  arc  from  the  first  connected  by  the  law  of 
correlation.  Hence  it  follows  that  even  closely-allied  species 
rarely  or  never  differ  from  one  another  by  one  character 
alone  ;  and  the  same  remark  is  to  a  certain  extent  applicable 
to  domestic  races ;  for  these,  if  they  differ  much,  generally 
differ  in  many  respects. 

Some  naturalists  boldly  insist  *  that  species  are  absolutely 
distinct  productions,  never  passing  by  intermediate  links  into 
one  another ;  whilst  they  maintain  that  domestic  varieties 
can  always  be  connected  either  with  one  another  or  with  their 
parent-forms.  But  if  wo  could  always  find  the  links  between 
the  several  breeds  of  the  dog,  horse,  cattle,  sheep,  pigs,  <!tc., 
there  would  not  have  been  such  incessant  doubts  whether 
they  were  dasccnded  from  one  or  several  species.  The  grey- 
hound genus,  if  such  a  term  may  be  used,  cannot  be  clowfly 
connected  with  any  other  breed,  unless,  perhaps,  we  go  back  to 
the  ancient  Egyptian  monuments.  Our  English  bulldog  also 
forms  a  very  distinct  breed.  In  all  these  cases  crossed  breeds 
must  of  course  be  excluded,  for  distinct  natural  speciee  can 
thus  be  likewise  connected.  By  what  links  can  the  Cochin 
fowl  be  closely  united  with  others  ?  By  searching  for  breeds 
still  preserved  in  distant  lands,  and  by  going  back  to 
historical  records,  tumbler-pigeons,  carriers,  and  barbs  can 
be  closely  connected  with  the  parent  roc^k-pigoon  ;   but  w© 

•  Godron,  *  Dc  TEsj^ce,'  18:»0,  torn.  ii.  p.  44,  &c 
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cannot  thus  connect  the  turbit  or  the  pouter.  The  degree 
of  distinctness  between  the  various  domestic  breeds  depends 
on  the  amount  of  modification  which  they  have  undergone, 
and  more  especially  on  the  neglect  and  final  extinction  of 
intermediate  and  loss- valued  forms. 

It  has  often  been  argued  that  no  light  is  thrown  on  the 
changes  which  natural  species  are  believed  to  undergo  from 
the  admitted  changes  of  domestic  races,  as  the  latter  are 
said  to  bo  mere  temporary  productions,  always  reverting, 
as  soon  as  they  become  feral,  to  their  pristine  form.  This 
}irf];unient  has  been  well  combated  by  Mr,  Wallace;^  and 
full  details  were  given  in  the  thirteenth  chapter,  showing 
that  the  tendency  to  reversion  in  feral  animals  and  plants 
lias  been  greatly  exaggerated,  though  no  doubt  it  exists  to 
a  (xntain  extent.  It  would  be  opposed  to  all  the  principles 
iturulcated  in  this  work,  if  domestic  animals,  when  exposed 
to  now  conditions  and  compelled  to.  struggle  for  their 
own  wants  against  a  host  of  foreign  competitors,  were  not 
iiKxlificd  in  the  course  of  time.  It  should  also  bo  remem- 
iKTcd  that  many  characters  lie  latent  in  all  organic  beings, 
ready  to  Ix)  evolved  under  fitting  conditions ;  and  in  breeds 
nuMlificd  within  recent  times,  the  tendency  to  reversion  is 
] particularly  strong.  But  the  antiquity  of  some  of  our  breeds 
clrarly  i)roves  that  they  remain  nearly  constant  as  long  as 
their  conditions  of  life  remain  the  same. 

It  has  been  boldly  maintained  by  some  authors  that  the 
amount  of  variation  to  which  our  domestic  productions  aro 
liable  is  strictly  limited;  but  this  is  an  assertion  resting  on 
little  evidence.  "Whether  or  not  the  amount  of  change  in 
any  particular  direction  is  limited,  the  tendency  to  general 
variability  is,  as  far  as  we  can  judge,  unlimited.  Cattle, 
sliCrp,  and  pigs  have  vaiied  under  domestication  from  the 
remotest  period,  as  shown  by  the  researches  of  Kiitimoyer 
mid  others;  yet  these  animals  have  been  improved  to  an 
unparalleled  degree,  within  quite  recent  times,  and  this 
implies  continued  variability  of  structure.  Wheat,  as  wo 
know  from  the  remains  found  in  the  Swiss  lake-dwellings, 

•  *  Journal  Proc,  Linn.  S«>o.,*  18.'»8,  vol.  iii.  j».  60. 
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is  one  of  the  inoBt  anciently  cultiYated  plants,  yet  at  the 
present  day  new  and  better  varieties  frequently  arise.  It 
may  be  that  an  ox  will  never  be  produced  of  larger  size  and 
finer  proportions,  or  a  racehorse  fleeter,  than  our  present 
animals,  or  a  gooseberry  larger  than  the  London  variety; 
but  he  would  be  a  bold  man  who  would  assert  that  the 
extreme  limit  in  these  respects  has  been  finally  attained. 
With  flowers  and  fruit  it  has  repeatedly  been  asserted  that 
perfection  has  been  reached,  but  the  standard  has  soon  been 
excelled.  A  breed  of  pigeons  may  never  be  produced  with  a 
beak  shorter  than  that  of  the  present  short-faced  tumbler,  or 
with  one  longer  than  that  of  the  English  carrier,  for  these 
birds  have  weak  constitutions  and  are  bad  breeders ;  but  short- 
ness and  length  of  beak  are  the  points  which  have  been 
steadily  improved  during  the  last  150  years,  and  some  of 
the  best  judges  deny  that  the  goal  has  yet  been  reached. 
From  reasons  which  could  be  assigned,  it  is  probable  that 
parts  which  have  now  reached  their  maximum  development, 
might,  after  remaining  constant  during  a  long  period,  vary 
again  in  the  direction  of  increase  under  new  conditions  of 
life.  But  there  must  be,  as  Mr.  Wallace  has  remarked  with 
much  truth,^  a  limit  to  change  in  certain  directions  both 
with  natural  and  domestic  productioDS ;  for  instance,  thei^ 
must  be  a  limit  to  the  flcetness  of  any  terrestrial  animal, 
as  this  will  bo  determined  by  the  fiiction  to  be  overcome, 
the  weight  to  l>o  canied,  and  the  power  of  contraction  in  the 
muscular  fibres.  The  English  racehorse  may  have  reached 
this  limit ;  but  it  already  surpasses  in  flectness  its  own  wild 
progenitor  and  all  other  equine  Si)ecle8.  The  short-faced 
tumbler-pigeon  has  a  beak  t^horter,  and  the  carrier  a  beak 
longer,  relatively  to  the  size  of  their  bodies,  than  that  of  any 
natural  species  of  the  family.  Our  apples,  pears  and  goose- 
berries bear  larger  fruit  than  those  of  any  natural  species 
of  the  same  genera  ;  and  so  in  many  other  cases. 

It  is  not  surprising,  seeing  the  great  difference  between 
many  domestic  breeds,  that  some  few  naturalists  have  con- 
cluded that  each  is  descended  from  a  distinct  aboriginal  stock, 
more  especially  as  the  principle  of  selection  has  been  ignored, 

*  ♦The  Quarterly  Journal  of  Siionce,*  Oct.  1807.  p.  48G. 
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and  the  high  antiquity  of  man,  as  a  breeder  of  animals,  has 
only  recently  become  known.  Most  naturalists,  however, 
freely  admit  that  our  various  breeds,  however  dissimilar, 
are  descended  from  a  single  stock,  although  they  do  not 
know  much  about  the  art  of  breeding,  cannot  show  the 
connecting  links,  nor  say  where  and  when  the  breeds  arose. 
Yet  these  same  naturalists  declare,  with  an  air  of  philo-. 
Kophical  caution,  that  they  will  never  admit  that  one  natural 
8ix.»cie8  has  given  birth  to  another  until  they  behold  all  tfie 
traiiBitional  steps.  Fanciers  use  exactly  the  same  language 
witli  respect  to  domestic  breeds ;  thus,  an  author  of  an  excellent 
treatise  on  pigeons  says  he  will  never  allow  that  the  carrier 
and  fantail  are  the  descendants  of  the  wild  rock-pigeon, 
until  the  transitions  have  **  actually  been  observed,  and  can 
"  ho  repeated  whenever  man  chooses  to  set  about  the  task." 
No  doubt  it  is  difficidt  to  realise  that  slight  changes  added 
up  during  long  centuries  can  produce  such  great  results; 
but  he  >vho  wishes  to  understand  tlie  origin  of  domestic  breeds 
or  of  natural  species  must  overcome  this  difficulty. 

The  causes  which  excite  and  the  laws  which  govern  varia- 
bility have  been  discussed  so  lately,  that  I  need  here  only 
(numerate  the  leadhig  points.  As  domesticated  organisms  are 
iinich  more  liable  to  slight  deviations  of  structure  and  to  mon- 
Htrouities  than  species  living  under  their  natural  conditions, 
and  as  widely-ranging  species  generally  vary  more  than  those 
which  inhabit  restricted  areas,  we  may  infer  that  variability 
mainly  depends  on  changed  conditions  of  life.  We  must  not 
overlook  the  effects  of  the  unequal  combination  of  the  charac- 
ters derived  from  both  parents,  or  reversion  to  former  pro- 
genitors. Changed  conditions  have  an  esp^ial  tendency  to 
render  the  reproductive  organs  more  or  less  impotent,  as 
shown  in  the  chapter  devoted  to  this  subject ;  and  these 
organs  consequently  often  fail  to  transmit  faithfully  the 
])arental  characters.  Changed  conditions  also  act  directly 
and  definitely  on  the  organisation,  so  that  all  or  nearly  all 
tho  individuals  of  the  same  species  thus  exposed  become 
modified  in  the  same  manner ;  but  why  this  or  that  part  is 
eKj)ccially  affected  we  can  seldom  or  ever  say.  In  most 
oases,  however,  a  change  in    the   conditions   soems   to   act 
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indefinitely,  causing  diversified  variations  in  nearly  the 
same  manner  as  exposure  to  cold  or  the  absorption  of  the 
same  poison  affects  different  individuals  in  different  ifvays. 
We  have  reason  to  suspect  that  an  habitual  excess  of  highly- 
nutritious  food,  or  an  excess  relatively  to  the  wear  and  tear 
of  the  organisation  from  exercise,  is  a  powerful  exciting  cause 
of  variability.  "When  we  see  the  symmetrical  and  complex 
outgrowths,  caused  by  a  minute  drop  of  the  poison  of  a  gall- 
insect,  wo  may  believe  that  slight  changes  in  the  chemical 
nature  of  the  sap  or  blood  would  lead  to  extraordinary  modi- 
fications of  structure. 

The  increased  use  of  a  muscle  with  its  various  attached 
parts,  and  the  increased  activity  of  a  gland  or  other  organ, 
lead  to  their  increased  development.  Disuse  has  a  contrary 
effect.  With  domesticated  productions,  although  their  organs 
sometimes  become  rudimentary  through  abortion,  we  have  no 
reason  to  suppose  that  this  has  ever  followed  solely  from 
disuse.  With  natural  species,  on  the  contrary,  many  organs 
appear  to  have  been  rendered  rudimentary  through  disuse, 
aided  by  the  principle  of  the  economy  of  growth  together 
with  intercrossing.  Complete  abortion  can  be  accounted  for 
only  by  the  hypothesis  given  in  the  last  chapter,  namely,  the 
final  destruction  of  the  germs  or  gcmmules  of  useless  parts. 
This  difference  between  species  and  domestic  varieties  may 
bo  partly  accounted  for  by  disuse  having  acted  on  the 
latter  for  an  insufficient  length  of  time,  and  partly  from 
their  exemption  from  any  severe  struggle  for  existence 
entailing  rigid  economy  in  the  development  of  each  part,  to 
which  all  species  under  nature  are  subjected.  Nevertheless 
the  law  of  compensation  or  balancement,  which  likewise 
depends  on  the  economy  of  growth,  apparently  has  affected 
to  a  certain  extent  our  domesticated  j^roductions. 

As  almost  every  part  of  the  organijsation  becomes  highly 
variable  under  domestication,  and  as  variations  are  easily 
selected  both  consciously  and  unconsciously,  it  is  very  diffi- 
cult to  distinguish  between  the  effects  of  the  selection  of 
indefinite  variations  and  the  direct  action  of  the  conditions 
of  life.  For  instance,  it  is  possible  that  the  feet  of  our  water- 
dogs  and  of  the  American  dogs  which  have  to  travel  much 
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over  the  snow,  may  have  become  partially  webbed  from  tlie 
stimulus  of  widely  extending  their  toes;  but  it  is  more  pro- 
liable  that  the  webbing,  like  the  membrane  between  the  toes 
of  certain  pigeons,  spontaneously  appeared  and  was  afterwards 
increased  by  the  best  swimmers  and  the  best  snow-travellers 
iK'ing  pre8cr\'ed  during  many  generations.  A  fancier  who 
wished  to  decrease  the  size  of  his  bantams  or  tumbler-pigeons 
would  never  think  of  starving  them,  but  would  select  the 
Kinallest  individuals  which  spontaneously  appeared.  Quad- 
rujK'ds  are  sometimes  bom  destitute  of  hair  and  hairless 
1  >recd8  have  been  formed,  but  there  is  no  reason  to  believe 
tliat  tliis  is  caused  by  a  hot  climate.  Within  the  tropics  heat 
often  causes  sheep  to  lose  their  fleeces;  on  the  other  hand, 
wet  and  cold  act  as  a  direct  stimulus  to  the  growth  of  hair  ; 
but  who  will  pretend  to  decide  how  far  the  thick  fur  of  arctic 
animals,  or  their  white  colour,  is  due  to  the  direct  action  of 
a  severe  climate,  and  how  far  to  the  preservation  of  the  best- 
] protected  individuals  during  a  long  succession  of  genera- 
tions ? 

Of  all  the  laws  governing  variability,  that  of  correlation  is 
one  of  the  most  important.  In  many  cases  of  slight  deviations 
of  structure  as  well  as  of  grave  monstrosities,  wo  cannot  even 
conjecture  what  is  the  nature  of  the  bond  of  connexion.  But 
between  homologous  parts — between  the  fore  and  hind  limbs 
— between  the  hair,  hoofs,  horns,  and  teeth — which  are  closely 
similar  during  their  early  development  and  which  are  exposed 
to  similar  conditions,  we  can  see  that  they  would  bo  eminently 
liable  to  1)0  modified  in  the  same  manner.  Homologous  parts, 
from  having  the  same  nature,  are  apt  to  blend  together,  and, 
when  many  exist,  to  vary  in  number. 

Although  every  variatioA  is  either  directly  or  indirectly 
caused  by  some  change  in  the  surrounding  conditions,  we 
must  never  forget  that  the  nature  of  the  organisation  which 
is  acted  on,  is  by  far  the  more  important  factor  in  the  result. 
Wo  see  this  in  different  organisms,  which  when  placed  under 
similar  conditions  vary  in  a  different  manner,  whilst  closely- 
allied  organisms  under  dissimilar  conditions  often  vary  in 
nearly  the  same  manner.  Wo  see  this,  in  the  same  modifica- 
tion   frequently  roippearing  in  the  same  variety  at  long 
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intervals  of  time,  and  likewise  in  the  seyeral  striking 
given  of  analogous  or  parallel  variations.  Although  acme 
of  these  latter  cases  are  due  to  reversion,  others  cannot  thus 
bo  accounted  for. 

From  the  indirect  action  of  changed  conditions  on  the 
organisation,  owing  to  the  reproductive  organs  being  thus 
affected — from  the  direct  action  of  such  conditions,  and  these 
will  cause  the  individuals  of  the  same  species  either  to  vary 
in  the  same  manner,  or  differently  in  accordance  with  slight 
differences  in  their  constitution — from  the  effects  of  the  in- 
creased or  decreased  use  of  parts — and  from  correlation, — 
the  variability  of  our  domesticated  productions  is  complicated 
to  an  extreme  degree.  The  whole  organisation  becomes 
slightly  plastic.  Although  each  modification  must  have  its 
own  exciting  cause,  and  though  each  is  subjected  to  law, 
yet  we  can  so  rarely  trace  the  precise  relation  between  cause 
and  effect,  that  we  are  tempted  to  speak  of  variations  as  if 
they  arose  spontaneously.  We  may  even  call  them  accidental, 
but  this  must  bo  only  in  the  sense  in  which  we  say  that 
a  fragment  of  rock  dropped  from  a  height  owes  its  shape  to 
accident. 

It  may  be  worth  while  briefly  to  consider  the  result  of  the 
exposure  to  unnatural  conditions  of  a  large  number  of  animals 
of  the  same  species  and  allowed  to  cross  freely  with  no 
selection  of  any  kind,  and  afterwards  to  consider  the  result 
when  selection  is  brought  into  play.  Let  us  suppose  that 
500  wild  rock-pigeons  were  confined  in  their  native  land  in 
an  aviary  and  fed  in  the  same  manner  as  pigeons  usually 
are ;  aud  that  they  were  not  allowed  to  increase  in  number. 
As  pigeons  propagate  so  rapidly,  I  suppose  that  a  thousand 
or  fifteen  hundred  birds  would  have  to  be  annually  killed. 
After  several  generations  had  been  thus  reared,  we  may 
feel  sure  that  some  of  the  young  birds  would  vary,  and 
the  variations  would  tend  to  be  inherited;  for  at  the 
present  day  slight  deviations  of  structure  often  occur  and 
are  inheritc<l.  It  would  be  teilious  even  to  enumerate  the 
multitude  of  i>oint«  which  still  go  on  varj'ing  or  Lave 
recently  varied.     Many  variations  would  occur  in  correla- 
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Hon  with  one  another,  as  the  length  of  tbe  wing  and 
tail  feathers — the  number  of  the  primary  wing-feathers,  as 
well  as  the  number  and  breadth  of  the  ribs,  in  correlation 
with  the  size  and  form  of  the  body — the  number  of  the 
scutellaB  with  the  size  of  the  feet — the  length  of  tbe  tongue 
with  the  length  of  the  beak — the  size  of  the  nostrils  and 
eyelids  and  the  form  of  lower  jaw  in  correlation  with  the 
development  of  wattle — the  nakedness  of  the  young  with  the 
future  colour  of  the  plumage — the  size  of  the  feet  with  that 
of  the  beak,  and  other  such  points.  .Lastly,  as  our  birds  are 
supposed  to  be  confined  in  an  aviary,  they  would  use  their 
wings  and  legs  but  little,  and  certain  parts  of  the  skeleton, 
such  as  the  sternum,  scapulas  and  feet,  would  in  consequence 
become  slightly  reduced  in  size. 

As  in  our  assumed  case  many  birds  have  to  be  indiscrimi- 
nately killed  every  year,  the  chances  are  against  any  new 
variety  surviving  long  enough  to  breed.  And  as  the  varia- 
tions which  arise  are  of  an  extremely  diversified  nature,  the 
chances  are  very  great  against  two  birds  pairing  which  have 
varied  in  the  same  manner;  nevertheless,  a  varying  bird 
even  when  not  thus  paired  would  occasionally  transmit  its 
character  to  its  young ;  and  these  would  not  only  be  exposed 
to  tlie  same  conditions  which  first  caused  the  variation  in 
question  to  appear,  but  would  in  addition  inheiit  from  their 
modified  parent  a  tendency  again  to  vary  in  the  same  manner. 
So  that,  if  the  conditions  decidedly  tended  to  induce  some 
particular  variation,  all  the  birds  might  in  the  course  of  time 
l)ecome  similarly  modified.  But  a  far  commoner  result  would 
be,  that  one  bird  would  vary  in  one  way  and  another  bird  in 
another  way  ;  one  would  be  bom  with  a  beak  a  little  longer, 
and  another  with  a  shorter  beak ;  one  would  gain  some  black 
feathers,  another  some  white  or  rod  feathers.  And  as  these 
birds  would  be  continually  intercrossing,  the  final  result  would 
l)o  a  body  of  individuals  differing  from  each  other  in  many 
ways,  but  only  slightly;  yet  more  than  did  the  original  rock- 
])igeons.  But  there  would  not  be  the  least  tendency  towards 
the  formation  of  several  distinct  breeds. 

If  two  separate  lots  of  pigeons  were  treated  in  the  manner 
juHt  described,  one  in  England  and  the  other  in  a  tropical 
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country,  tho  two  lots  being  supplied  with  different  kindu  of 
food,  would  they  -after  many  generations  differ  ?  AVhen  we 
reflect  on  tho  cases  given  in  the  twenty -third  cliapter,  and 
on  such  facts  as  tho  difference  in  former  times  between  tho 
breeds  of  cattle,  sheep,  4&c.,  in  almost  every  district  of  Europe, 
we  are  strongly  inclined  to  admit  that  the  two  lots  would  bo 
differently  modified  through  the  influence  of  climato  and  food. 
But  the  evidence  on  tho  definite  action  of  changed  conditions 
is  in  most  cases  insufficient ;  and,  with  respect  to  pigeons,  I 
have  had  tho  opportunity  of  examining  a  largo  collection  of 
domesticated  kinds,  sent  to  me  by  Sir  W.  Elliot  from  India, 
and  they  varied  in  a  remarkably  similar  manner  with  our 
European  birds. 

If  two  distinct  breeds  were  mingled  together  in  equal 
numbers,  there  is  reason  to  suspect  that  they  would  to  a 
certain  extent  prefer  pairing  with  their  own  kind ;  but  they 
would  often  intercross.  From  the  greater  vigour  and  fertility 
of  the  crossed  offspring,  tho  whole  body  would  by  this  means 
become  interblended  sooner  than  would  otherwise  have  oc- 
curred. From  certain  breeds  being  prei)otent  over  others,  it 
does  not  follow  that  the  interblended  jirogeny  would  be  strictly 
intermediate  in  character.  I  have,  also,  proved  that  tho  act 
of  crossing  in  itself  gives  a  strong  tendency  to  reversion,  so 
that  the  crossed  offs])riug  would  tend  to  revert  to  tho  state 
of  the  aboriginal  rock-pigeon ;  and  in  the  course  of  time  they 
would  probably  be  not  much  more  heterogeneous  in  character 
than  in  our  first  case,  when  birds  of  the  same  breed  were 
confined  together. 

I  have  just  said  that  the  crossed  offspring  would  gain  in 
vigour  and  fertility.  From  the  facts  given  in  the  seventeenth 
cha])ter  there  can  bo  no  doubt  of  this  fact ;  and  there  can  bo 
little  doubt,  though  the  evidence  on  this  head  is  not  so  easily 
acquired,  that  long-continued  close  interbreeding  leads  to  evil 
results.  With  hermaphrodites  of  all  kinds,  if  tho  sexual  ele- 
ments of  the  same  individual  habitually  acted  on  each  other, 
the  closest  ix)ssiblo  interbreeding  would  Ik)  perpetual.  But 
wo  should  bear  in  mind  that  the  structure  of  all  herma- 
phrodite animali),  as  far  as  I  can  learn,  permits  and  fre- 
quently necessitates  a  cix)sh  with  a  distinct  individual.    With 
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hermaphrodite  plants  wo  incessantly  meet  with  elaborate  and 
perfect  contrivances  for  this  same  end.  It  is  no  exagge- 
ration to  assert  that,  if  the  use  of  the  talons  and  tusks  of  a 
carnivorous  animal,  or  of  the  plumes  and  hooks  on  a  seed,  may 
l>o  safely  inferred  from  their  structure,  we  may  with  equal 
safety  infer  that  many  flowers  are  constructed  for  the  express 
purpose  of  ensuring  a  cross  with  a  distinct  plant.  From 
these  various  considerations,  not  to  mention  the  result  of  a 
long  series  of  experiments  which  I  have  tried,  the  conclusion 
arrived  at  in  the  chapter  just  referred  to — namely,  that  great 
good  of  some  kind  is  derived  from  the  sexual  concourse  of 
distinct  individuals — must  be  admitted. 

I'o  return  to  our  illustration :  we  have  hitherto  assumed 
that  the  birds  were  kept  down  to  the  same  number  by  indis- 
criminate slaughter ;  but  if  the  least  choice  bo  permitted  in 
their  preservation,  the  whole  result  will  be  changed.  Should 
tlio  owner  observe  any  slight  variation  in  one  of  his  birds, 
and  wish' to  obtain  a  breed  thus  characterised,  he  would  succeed 
in  a  surprisingly  short  time  by  careful  selection.  As  any 
part  which  has  once  varied  generally  goes  on  varying  in  the 
Hunio  direction,  it  is  easy,  by  continually  preserving  the  most 
Kf  rongly  marked  individuals,  to  increase  the  amount  of  difFer- 
cnco  lip  to  a  high,  predetermined  standard  of  excellence, 
'i  liis  is  methodical  selection. 

If  the  owner  of  the  aviarj%  without  any  thought  of  making 
a  new  breed,  simply  admired,  for  instance,  short-beaked  more 
than  long-boakcd  birds,  he  would,  when  he  had  to  reduce  the 
iiunil)or,  generally  kill  the  latter;  and  there  can  be  no  doubt 
tlijit  lie  would  thus  in  tho  course  of  time  sensibly  modify  his 
Ktoek.  It  is  improbable,  if  two  men  were  to  keep  pigeons 
ami  act  in  this  manner,  that  they  would  prefer  exactly  tho 
same  characters ;  they  would,  as  we  know,  often  prefer 
directly  opposite  characters,  and  the  two  lots  would  ulti- 
mately come  to  differ.  This  has  actually  occurred  with 
htrains  or  families  of  cattle,  sheep,  and  pigeons,  which  have 
been  long  kept  and  carefully  attended  to  by  different  breeders, 
without  any  wish  (m  their  part  to  form  new  and  distinct  8ul>- 
lireeds.  This  unconscious  kind  of  selection  will  more  espc- 
eially  come  into  action  with  animals  which  are  highly  service- 


:-iT*:    M*in    t^ITF 

tbe  rAifi  v:^  4lv4}r«  Lfcv^  l»=cn  u>e  n^i*:  Urgclj  cultiTmted, 
^zA  wiii  '/'XABrAji^j  have  riel-ied  eeEdiings  better  tliaii  t]i«r 

T>i«  diiTrr^iit  ttrkins.  j^ift  alla-iei  t*x  which  hare  been 
a/rtuhlij  prvioosd  bj  breeders  withvnt  anj  wish  on  their 
j^rt  to  obuin  mch  a  rwnlt,  aflf'.Td  excellent  erideiioe  of  the 
f^>wer  of  nncTAusciaaa  select i>n.  This  f.>nn  of  selection  has 
\>t*Aa\j\j  led  to  far  more  iznportaitt  m^nlts  than  methodical 
ii^rlfr^rtioD.  and  ia  likewLie  more  important  under  a  theoretical 
jp^iint  of  view  from  cLjeely  re«embiing  natoral  selection.  For 
during  thii*  process  the  le«t  or  m<:«t  rained  individuals  arc 
ijot  t¥tiPiimuA  and  prevente*!  from  crossing  with  others  of  the 
naiue  bnx-d,  but  are  isimplv  preferred  an^l  preserved :  yet  this 
inevitably  U^a/ls  to  their  gradual  mtjditication  and  improve- 
luent ;  s^i  that  finally  they  prevail,  to  the  exclusion  of  the  old 
jiarent-forrn. 

With  our  donif'ftticaterl  animals  natural  selection  checks 
the  pHidiiction  of  races  with  any  injurious  deviation  of  struc- 
ture, in  the  case  of  animals  which,  from  being  kept  by 
savagoH  or  H<;nii-civili«ed  people,  have  to  provide  largely  for 
tlieir  own  wants  under  different  circumstances,  natural  selec- 
tion will  have  plaj-ed  a  more  important  part.  Hence  it 
prol»fiMy  is  that  they  often  closely  resc^mblo  natural  species. 

Ah  there  in  no  limit  to  man*8  desire  to  possess  animals  and 
phmts  more  and  more  useful  in  any  respect,  and  as  the  fancier 
always  wiuhes,  owing  to  fashions  running  into  extremes,  to 
prutluco  oa^;h  character  more  and  more  strongly  pronounceii. 
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there  is,  through  the  prolonged  action  of  methodical  and 
unconscious  selection,  a  constant  tendon^jy  in  every  breed  to 
l)ecomo  more  and  more  different  from  its  parent-stock ;  and 
when  several  breeds  have  been  produced  and  are  valned  for 
different  qualities,  to  differ  more  and  more  from  each  other. 
This  leads  to  Divergence  of  Character.  As  improved  sub- 
varieties  and  races  are  slowly  formed,  the  older  and  less 
improved  breeds  are  neglected  and  decrease  in  number.  When 
few  individuals  of  any  breed  exist  within  the  same  locality, 
close  interbreeding,  by  lessening  their  vigour  and  fertility, 
aids  in  their  final  extinction.  Thus  the  intermediate  links 
are  lost,  and  the  remaining  breeds  gain  in  Distinctness  of 
Character. 

In  the  chapters  on  the  Pigeon,  it  was  proved  by  historical 
evidence  and  by  the  existence  of  connecting  sub-varieties  in 
distant  lands  that  several  breeds  have  steadily  diverged  in 
character,  and  that  many  old  and  intermediate  sub-breeds 
hj\vo  been  lost.  Other  cases  could  be  adduced  of  the  extinc- 
tion of  domestic  breeds,* as  of  the  Irish  wolf-dog,  the  old 
English  hound,  and  of  two  breeds  in  France,  one  of  which 
was  formerly  highly  valued.*  Mr.  Pickering  remarks  *  that 
'*  the  sheep  figured  on  the  most  ancient  Egyptian  monuments 
'*  is  unknown  at  the  present  day ;  and  at  least  one  variety  of 
''  the  bullock,  formerly  known  in  Egypt,  has  in  like  manner 
'*  l)ocome  extinct."  So  it  has  been  with  some  animals  and 
with  several  plants  cultivated  by  the  ancient  inhabitants  of 
Europe  during  the  neolithic  period.  In  Peru,  Von  Tschudi  • 
found  in  certain  tombs,  apparently  prior  to  the  dynasty  of  the 
Jncas,  two  kinds  of  maize  not  now  known  in  the  country. 
With  our  flowers  and  culinary  vegetables,  the  production  of 
new  varieties  and  their  extinction  has  incessantly  recurred. 
At  the  present  time  improved  breeds  sometimes  displace  older 
})ree(l8  at  an  extraordinarily  rapid  rate ;  as  has  recently  occurred 
throughout  England  with  pigs.  The  Long-horn  cattle  in 
thoir  native  home  were  "  suddenly  swept  away  as  if  by  some 
**  murderous  pestilence,*'  by  the  introduction  of  Short-horns.' 

*  M.  Rufz  de  Lavison,  in  *Bull.  Soc.       p.  177. 

Imp.  a'Acclimat.,' Dec.  1862,  p.  1009.  '  Youatt  on  Cattle,  18;U,  p.  200. 

»  '  Races  of  Man,'  1850,  p.  315.  On  Pig*,  scv  *Gard.  Chronicle,' 1854, 

•  '  Travels  in  Peru,*  Eng.  Translat.,       p.  4  lo. 
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What  grand  results  have  followed  from  the  long-continued 
action  of  methodical, and  unconscious  selection^  regulated  to  a 
certain  extent  by  natural  selection,  we  see  on  every  side  of  ns. 
Compare  the  many  animals  and  plants  which  are  displayed  at 
our  exhibitions  with  their  parent-forms  when  these  are  known, 
or  consult  old  historical  records  with  respect  to  their  former 
state.     Most  of  our  domesticated  animals  have  given  rise  to 
numerous  and  distinct  races,  but  those  which  cannot  be  easily 
subjected  to  selection  must  be  excepted— such  as  cats,  the 
cochineal  insect,  and  the  hive-bee.     In  accordance  with  what 
we  know  of  the  process  of  selection,  the  formation  of  our 
many  races  has  been  slow  and  gradual.     The  man  who  first 
observed  and  preserved  a  pigeon  with  its  oesophagus  a  little 
enlarged,  its  beak  a  little  longer,  or  its  tail  a  little  more 
expanded  than  usual,  never  dreamed  that  he  had  ma^e  the 
first  step  in  the  creation  of  a  pouter,  carrier,  and  fantail- 
pigeon.     Man  can  create  not  only  anomalous  breeds,  but 
others  having  their  whole  structure  admirably  co-ordinated 
for  certain  purix)ses,  such  as  the  race-horse  and  dray-horse,  or 
the  greyhound  and  bulldog.      It  is  by  no  means  necessary 
that  each  small  change  of  structure  throughout  the  body, 
leading  towards  excellence,  should  simultaneous!}'  arise  and 
be  selected.     Although  man  seldom  attends  to  differences  in 
organs  which  are  imix)rtant  under  a  plij'siological  point  of 
view,  yd  he  has  so  profoundly  modified  some  breeds,  that 
asuredly,   if  found  wild,  they  would  be  rauked  as  distinct 
genera. 

The  l)cst  proof  of  what  selection  has  elTectcd  is  jKrhajw 
afforded  by  the  fact  that  whatever  part  or  quality  in  any 
auimal,  and  more  especially  in  any  plant,  is  most  valued  by 
man,  that  i)art  or  quality  differs  most  in  the  several  races. 
This  result  is  well  seen  by  comparing  the  amount  of  difference 
Ixjtween  the  fruits  produced  by  the  several  varieties  of  fruit- 
trees,  between  the  flowers  of  our  flower-garden  plants,  l)etween 
the  seeds,  roots,  or  leaves  of  our  culinary  and  agricultural 
j)lants,  in  comparison  with  the  other  and  not  valued  parts  of 
the  same  varieties.  Striking  evidence  of  a  different  kind  is 
afforded  by  the  fact  ascertained  by  Oswald  Ileer,*  namely, 
that  the  seeds  of  a  large  numl)er  of  plants, — wheat,  l>arley, 

•  *  Die  Tflanzou  d^r  riahlh.'iuton/  18  »5. 
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oats,  peas,  beans,  lentils,  poppies,— cultivated  for  their  seed 
by  the  ancient  Lake-inhabitants  of  Switzerland,  were  all 
smaller  than  the  seeds  of  our  existing  varieties.  Riitimeycr 
has  shown  that  the  sheep  and  cattle  which  were  kept  by  the 
earlier  Lake-inhabitants  were  likewise  smaller  than  our 
present  breeds.  In  the  middens  of  Denmark,  the  earliest  dog 
of  which  the  remains  have  been  found  was  the  weakest ;  this 
was  succeeded  during  the  Bronze  age  by  a  stronger  kind,  and 
this  again  during  the  Iron  age  by  one  still  stronger.  The 
sheep  of  Denmark  during  the  Bronze  period  had  extra- 
ordinarily slender  limbs,  and  the  horse  was  smaller  than  our 
present  animal.'  No  doubt  in  most  of  these  cases  the  new 
and  larger  breeds  were  introduced  from  foreign  lands  by  the 
immigration  of  new  hordes  of  men.  But  it  is  not  probable  that 
each  larger  breed,  which  in  the  course  of  time  has  supplanted 
a  previous  and  smaller  breed,  was  the  descendant  of  a  distinct 
and  larger  species ;  it  is  far  more  probable  that  the  domestic 
races  of  our  various  animals  were  gradually  improved  in 
different  parts  of  the  great  Europa?o -Asiatic  continent,  and 
thence  spread  to  other  countries.  This  fact  of  the  gradual 
increase  in  size  of  our  domestic  animals  is  all  the  more 
striking  as  certain  wild  or  half-wild  animals,  such  as  red- 
deer,  aurochs,  park-cattle,  and  boars,*®  have  within  nearly  the 
Ki'inie  jKiriod  decreased  in  size. 

The  c(mditions  favourable  to  selection  by  man  are, — the 
doKost  attention  to  every  character, — long-continued  per- 
severance,— facility  in  matching  or  separating  animals, — and 
eHpecially  a  largo  number  being  kept,  so  that  the  inferior 
individuals  may  bo  freely  rejected  or  destroyed,  and' the  better 
ones  preserved.  When  many  are  kept  there  will  also  be  a 
greater  chance  of  the  occurrence  of  well-marked  deviations  of 
structure.  Length  of  time  is  all-important ;  for  as  each  cha- 
racter, in  order  to  become  strongly  pronounced,  has  to  l>e 
:iu^umente<l  by  the  selection  of  successive  variations  of  the 
H;iino  kind,  this  can  be  effected  only  during  a  long  series  of 
generations.  Length  of  time  will,  also,  allow  any  new 
ftiature  to  become  fixed  by  the  continued  rejection  of  those 

•  Morlot,  *  Soc.    Vaufl.  daa   Scien.  "  Rtltimeyer,     *  Die     Fauna     dor 

Nat;  Maw,  1800,  p.  298.  PfahlUuten,*  1861,  a.  30. 
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individuals  which  reyert  or  Tarj,  and  by  the  preservation  of 
those  which  still  inherit  the  new  character.  Hence,  although 
some  few  animals  have  varied  rapidly  in  certain  respects 
under  new  conditions  of  life,  as  dogs  in  India  and  sheep  in 
the  West  Indies,  yet  all  the  animals  and  plants  which  have 
produced  strongly  marked  races  were  domesticated  at  an 
extremely  remote  epoch,  often  before  the  dawn  of  history.  As 
a  consequence  of  this,  no  record  has  been  preserved  of  the 
origin  of  our  chief  domestic  breeds.  Even  at  the  present  day 
new  strains  or  sub-breeds  are  formed  so  slowly  that  their  first 
appearance  passes  unnoticed.  A  man  attends  to  some  par- 
ticular character,  or  merely  matches  his  animals  with  unusual 
care,  and  after  a  time  a  slight  difference  is  perceived  by  his 
neighbours ; — the  difference  goes  on  being  augmented  by  un- 
conscious and  methodical  selection,  until  at  last  a  new  sub* 
breed  is  formed,  receives  a  local  namo,  and  spreads ;  but  by 
this  time  its  history  is  almost  forgotten.  When  the  new 
breed  has  spread  widely,  it  gives  rise  to  new  strains  and  sub- 
breeds,  and  the  best  of  these  succeed  and  spread,  supplanting 
other  and  older  breeds ;  and  so  always  onwards  in  the  march 
of  improvement. 

When  a  well-marked  breed  has  once  been  established,  if  not 
supplanted  by  still  further  improved  sub-breeds,  and  if  not 
exposed  to  greatly  changed  conditions  of  life  inducing  further 
variability  or  reversion  to  long-lost  characters,  it  may  ap- 
parently last  for  an  enormous  period.  We  may  infer  that  this 
is  the  case  from  the  high  antiquity  of  certain  races ;  but  some 
caution  is  necessary  on  this  hearl,  for  the  same  variation  may 
appear  independently  after  long  intervals  of  time,  or  in  distant 
places.  We  maj'  safely  assume  that  this  has  occurred  with  the 
tumspit-dog,  of  which  one  is  figured  on  tlie  ancient  Egyptian 
monuments— with  the  solid-hoofed  swine"  mentioned  by 
Aristotle — with  five-toed  fowls  described  by  Columella — and 
certainly  with  the  nectarine.  The  dogs  represented  on  the 
Egj'ptian  monuments,  about  2000  B.C.,  show  us  that  some  of 
the  chief  breeds  then  existed,  but  it  is  extremely  doubtful 
whether  any  are  identically  the  same  with  our  present  breeds. 
A  great  mastiff  sculptured  on  an  Assyrian  tomb,  640  D.r.,  is 

"  GodroD,  •!>«  rE*i»6ce,*  torn,  i.,  18:i9,  p.  368. 


Chap.  XXVm.  OONCJLUDINa  BRMABKS.  426 

said  to  be  the  same  with  the  dog  still  imported  from  Thibet 
into  the  same  region.  The  true  greyhound  existed  during  the 
Roman  classical  period.  Coming  dowi\  to  a  later  period,  we 
have  seen  that,  though  most  of  the  chief  breeds  of  the  pigeon 
existed  between  two  and  three  centuries  ago,  they  have  not 
all  retained  exactly  the  same  character  to  the  pi-csent  day ; 
but  this  has  occurred  in  certain  cases  in  which  no  improve- 
ment  was  desired,  for  instance,  in  the  case  of  the  Spot  and 
Indian  ground-tumbler. 

De  CandoUe  ^^  has  fully  discussed  the  antiquity  of  various 
races  of  plants ;  he  stat-es  that  the  black  flooded  poppy  was 
known  in  the  time  of  Homer,  the  white-seeded  sesamum  by 
the  ancient  Eg}7)tians,  and  almonds  with  sweet  and  bitter 
kernels  by  the  Hebrews ;  but  it  does  not  seem  improbablo 
that  some  of  these  varieties  may  have  been  lost  and  reap- 
peared. One  variety  of  barley  and  apparently  one  of  wheat, 
both  of  which  were  cultivated  at  an  immensely  remote  period 
by  the  Lake-inhabitants  of  Switzerland,  still  exist.  It  is 
said  *^  that  "  specimens  of  a  small  variety  of  gourd  which  is 
''  still  common  in  the  market  of  Lima  were  exhumed  from  an 
**  ancient  cemetery  in  Peru."  De  Caudolle  remarks  that,  in 
the  books  and  drawings  of  the  sixteenth  century,  the  principal 
races  of  the  cabbage,  turnip,  and  gourd  can  bo  recognised : 
this  might  have  been  expected  at  so  late  a  period,  but 
whether  any  of  these  plants  are  absolutely  identical  with 
our  present  sub- varieties  is  not  certain.  It  is,  however,  said 
t  liat  tlic  Brussels  sprout,  a  variety  which  in  some  places  is 
liable  to  degeneration,  has  remained  genuine  for  more  than 
four  centuries  in  the  district  where  it  is  believed  to  have 
originated.** 

In  accordance  with  the  views  maintained  by  me  in  this 
work  and  elsewhere,  not  only  the  various  domestic  races,  but 
tlio  most  distinct  genera  and  orders  within  the  same  great 
class— for  instance,  mammals,  birds,  reptiles,  and  fishes — are 

'*  *Geographi«   Botan.,'   1855,  p.  **  'Journal     of    a    Horticultonil 

981>.  Tour,'  by  a  DepuUtion  of  the  Cale- 

>*  Pickering,     '  Uacen     of     Mao,'  doniao  lli»t.  Soc.,  1823,  p.  293. 
1850,  p.  318. 
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all  the  descendants  of  one  common  progenitor,  and  we  must 
admit  that  the  whole  vast  amount  of  difference  between 
these  forms   has  primarily  arisen   from  simple  variability. 
To  consider  the  subject  under  this  point  of  view  is  enough  to 
strike  one  dumb  with  amazement.     But  our  amazement  ought 
to  be  lessened  when  wo  reflect  that  beings  almost  infinite  in 
number,  during  an  almost  infinite  lapse  of  time,  have  often 
had    their   whole    organisation  rendered    in    some    degree 
plastic,  and  that  each  slight  modification  of  structure  which 
was  in  any  way  beneficial  under  excessively  complex  con- 
ditions of  life  has  been  preserved,  whilst  each  which  was  in 
any  way  injurious  has  been  rigorously  destroyed.     And  the 
long-continued  accumulation  of    beneficial  variations   will 
infallibly  have  led  to  structures  as  diversified,  as  beautifully 
adapted  for  various  purposes  and  as  excellently  co-ordinated, 
as  wo  see  in  the  animals  and  plants  around  us.     Hence  I 
have  sicken  of  selection  as  the  paramount  power,  whether 
applied  by  man  to  the  formation  of  domestic  breeds,  or  by 
nature  to  the  production  of  species.     I  may  recur  to  the 
metaphor  given  in  a  former  chapter :    if  an  architect  were 
to  rear  a  noble  and  commodious  edifice,  without  the  use  of  cut 
stone,  by  telecting  from  the  fragments  at  the  base  of  a  preci- 
pice wedge- formed  htones  for  his  arches,  elongated  stones  for 
his  lintels,  and  flat  stones  for  his  roof,  we  should  admire  his 
skill  and  regard  him  as  the  paramount  power.     Now,  the 
fragments  of   stone,  though   indispensable  to  the  architect^ 
l)car  to  the  edifice  built  by  him  the  same  relation  which  the 
fluctuating  variations  of  organic  beings  l>ear  to  the  varied 
and  admirable  structures  ultimately  acquired  by  their  modified 
descendants. 

Sonic  authors  have  declared  that  natural  seleeticm  explains 
nothing,  unless  the  precise  cause  of  each  slight  individual 
difference  Ixi  made  clear.  If  it  were  explainc<l  to  a  savage 
utterly  ignorant  of  the  art  of  building,  how  the  eilifice  liad 
been  raised  stone  upon  stone,  and  why  wedge-formed  frag- 
ments were  used  for  the  arches,  flat  stones  for  the  roof,  &c, ;  and 
if  the  use  of  each  part  and  of  the  whole  building  were  pointed 
out,  it  would  be  unreasonable  if  he  declared  that  nothing  had 
been  made  clear  to  him,  because  the  precise  cause  of  the  shapo 
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of  each  fragment  could  not  be  told.  But  this  is  a  nearly 
parallel  case  with  the  objection  that  selection  explains  nothing, 
l^ecause  we  know  not  the  cause  of  each  individual  difference  in 
the  structure  of  each  being. 

The  shape  of  the  fragments  of  stone  at  the  base  of  our  pre- 
cipice may  be  called  accidental,  but  this  is  not  strictly  correct ; 
for  the  shape  of  each  dei)end8  on  a  long  sequence  of  events,  all 
obeying  natural  laws ;  on  the  nature  of  the  rock,  on  the  lines 
of  deposition  or  cleavage,  on  the  form  of  the  mountain,  which 
depends  on  its  upheaval  and  subsequent  denudation,  and  lastly 
on  the  storm  or  earthquake  which  throws  down  the  fragments. 
But  in  regard  to  the  use  to  which  the  fragments  may  be  put, 
their  shape  may  be  strictly  said  to  bo  accidental.  And  here 
we  arc  led  to  face  a  great  difficulty,  in  alluding  to  which  I  am 
aware  tliat  I  am  travelling  beyond  my  proper  province.  An 
omniscient  Creator  must  have  foreseen  every  consequence 
whieh  results  from  the  laws  imposed  by  Him.  But  can  it  be 
reasonably  maintained  that  the  Creator  intentionally  ordered, 
if  we  use  the  words  in  any  ordinary  sense,  that  certain  frag- 
ments of  rock  should  assume  certain  shapes  so  that  the  builder 
might  erect  his  edifice?  If  the  various  laws  which  have 
determined  the  shape  of  each  fragment  were  not  predeter- 
mined for  the  builder's  sake,  can  it  bo  maintained  with  any 
greater  probability  that  lie  specially  ordained  for  the  sake  of 
the  breeder  each  of  tho  innumerable  variations  in  our  do- 
mestic animals  and  plants;  —  many  of  these  variations  being 
of  no  service  to  man,  and  not  beneficial,  far  more  often  inju- 
rious, to  tho  creatures  themselves?  Did  He  ordain  that  the 
croj)  and  tail-feathers  of  the  pigeon  should  vary  in  order  that 
the  fancier  might  make  his  grotesque  pouter  and  fan  tail 
breeds?  Did  He  cause  the  frame  and  mental  qualities  of  the 
dog  to  vary  in  order  that  a  breed  might  be  formed  of  indomi- 
table fenx^ity,  with  jaws  fitted  to  pin  down  the  bull  for  man's 
l)rutal  sport?  But  if  we  give  up  the  principle  in  one  case, — 
if  we  do  not  admit  that  tho  variations  of  the  primeval  dog 
were  intentionally  guided  in  order  that  the  greyhound,  for 
inhtanee,  that  perfect  imago  of  symmetry  and  vigour,  might 
l>o  formed,  — no  shadow  of  reason  can  bo  assigned  for  tho 
Klief  that  variations,  alike  in  nature  and  tho  result  of  the 
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same  general  laws,  which  have  been  the  groundwork  through 
natural  selection  of   the  formation  of  the  most  perfectly 
adapted  animals  in  the  world,  man  included,  were   inten- 
tionally and  specially  guided.     However  much  wc  may  wish 
it,  we  can  hardly  follow  Professor  Asa  Gray  in  his  belief  '*  that 
''  variation  has  been  led  along  certain  beneficial  lines,"  like  a 
stream  "  along  definite  and  useful  lines  of  irrigation."     If  we 
assume  that  each  particular  variation  was  from  the  beginning 
of  all  time  preordained,  then  that  plasticity  of  organisation, 
which  leads  to  many  injurious  deviations  of  structure,  as  well 
as  the  redundant  power  of  reproduction  which  inevitably  leads 
to  a  struggle  for  existence,  and,  as  a  consequence,  to  the 
natural  selection  or  survival  of  the  fittest,  must  appear  to  us 
superfluous  laws  of  natnra     On  the  other  hand,  an  omni- 
potent and  omniscient  Creator  ordains  everything  and  fore- 
sees everything.     Thus  we  are  brought  face  to  face  with 
a  diificuKy  as  insoluble  as  is  that  of  free  will  and  predesti- 
nation. 
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Asinu3  tctniopus,  ii.  16;  the  original  of 
the  domestic  ass,  i.  ^o. 

Asparagus,  increased  fertility  of  culti- 
vated, ii.  91. 

Ass,  early  domestication  of  the,  i.  65 ; 
breeds  of,  i'jid. ;  small  size  of,  in 
India,  i'jid. ;  stripes  of,  i.  66,  67  ;  ii. 
343 ;  dislike  of,  to  cross  water,  i.  190 ; 
reversion  in,  ii.  16,  17,  22 ;  hybrid 
of  the,  with  mare  and  zebra,  ii.  16  ; 
prepotency  of  the,  over  the  horse,  ii. 
43;  crossed  with  wild  ass,  ii.  190; 
variation  and  selection  of  the,  ii.  222. 

Assyrian  sculpture  of  a  mastitf,  i.  17. 

Asters,  i.  463,  ii.  307. 

Asthma,  hereditary,  i.  452,  ii.  55. 

Atavism.     See  Reversion. 

Atheustan,  his  care  of  horses,  ii.  187. 

Atkinson,  Mr.,  on  the  sterility  of  the 
Tarroo  silk-moth  In  conHnement,  ii. 
141. 

AUDERGINE,  ii.  68. 

Audubon,  on  feral  hybrid  ducks,  i. 
200,  ii.  20  ;  on  the  domestication  of 
wild  docks  on  the  Mississippi,  i.  292  ; 
on  the  wild  cock  turkey  visiting 
domestic  hens,  i.  308;  fertility  of 
FringUta  ciris  in  captivity,  ii.  137; 
fertility  of  Coiumbct  migrator ia  ani 
leucooephala  in  captivity,  ii.  139 ; 
breeding  of  Anaer  canadensis  in  ca{>- 
tivitv,  ii.  140. 

Audubon  and  Bachman,  on  the  change 
of  coat  in  Oris  montana,  i.  103 ;  ste- 
rility of  Scitirus  cinerca  in  confine- 
ment, ii.  135. 

Auricula,  effect  of  seasonal  conditions 
on  the,  ii.  263  ;  blooming  of,  ii.  339. 

Australia,  no  generally  useful  plants 
derived  from,  i.  328 ;  useful  plants 
of,  enumerate  i  by  Hooker,  i.  328. 
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Austria,  heredity  of  character  ia  em- 
perors of,  ii.  40. 

AUTENRIETH,  OH  persistency  of  colour 
in  horses,  i.  465. 

AvA,  horses  of,  i.  56. 

Areni  fatua^  cultivability  of,  i.  330. 

*  Ayeen  Akbery,*  pigeons  mentioned  in 
the,  i.  158,  163,  194,  215,  217,  218. 

AYRt»,  W.  p.,  on  bad-variation  in 
pelargoniums,  i.  403. 

Azalea  indica,  bad-variation  in,  i.  402. 

AzARA,  on  the  feral  dogs  of  La  Plata, 
i.  28 ;  on  the  crooeing  of  domestic 
with  wild  cats  in  Paraijnay,  i.  47 ; 
on  hornlike  processes  in  horses,  i.  52  ; 
en  curled  hair  in  horses,  i.  56,  ii. 
189.  ^18;  on  the  colours  of  feral 
horses,  i.  64,  ii.  246  ;  on  the  cattle  of 
Paraguay  and  La  Plata,  i.  86, 89,  92, 
ii.  246 ;  on  a  hornless  bull,  ii.  100, 
on  the  increase  of  cattle  in  South 
America,  ii.  98;  on  the  growth  of 
horns  in  the  hornless  cattle  of  Cor- 
rientes,  ii.  13;  on  the  "Niata"  cattle, 
i.  94 ;  on  naked  quadrupeds,  ii.  268 ; 
on  a  race  of  bInck-Mkinned  fowls  in 
South  America,  i.  243,  ii.  194 ;  on 
a  variety  of  nlaize,  i.  339. 

Habingtox,  C.  C,  on  the  oris;in  of  the 
plum,  i.  367  ;  British  ?!pecies  of  the 
genus  Jiosa^  i.  300;  distinctness  of 
Viola  lutca  and  tricolor,  i.  392. 

Bachmanx,  Mr.,  on  the  turkey,  ii.  230. 
See  alao  AudulK)n. 

Badger,  breeding  in  confinement,  ii. 
134. 

"  Baoadotten-Taube,"  i.  148. 

Baily,  Mr.,  on  the  eflcot  of  selection 
on  fowls,  ii.  182  ;  on  Dorking  fowls, 
ii.  224. 

Baird,  S.,  on  the  origin  of  the  tnrkey, 
i.  308. 

Baker,  Mr.,  on  heredity  in  the  horse, 
i.  455  ;  on  the  degeneration  of  the 
horse  bv  neglect,  ii.  225;  onlers  of 
Henrys 'VII.  and  VIII.  for  the 
destruction  of  undersized  mares,  ii. 
188. 

Bakewell,  change  in  the  sheep  effected 
by,  ii.  182. 

Balancement,  ii.  335,  336  ;  of  growth, 
law  of,  335. 

Balohe ID  (pigeon),  i.  158.  ! 


Baldness,  in  man,  inherited,  u.  319; 
with  deficiency  in  teeth,  ii.  319,  320. 

Ballance,  14  r.,  on  the  effects  of  is- 
terbreeding  on  fowls,  ii.  105;  on 
variation  in  the  eggs  of  fowls,  i.  261. 

Ballota  nigra^  transmission  of  Tariegated 
leaves  in,  i.  409. 

Bamdoo,  varieties  of  the,  iL  243. 

Banana,  variation  of  the,  i.  396,  ii. 
243 ;  bud-variation  in  the,  i.  401 ; 
sterility  of  the,  ii.  266. 

Bantam  fowls,  i.  241 ;  Sebright,  origi*! 
of,  ii.  74 ;  sterility  of,  ii.  79. 

Barb  (pigeon),  i.  151,  153,  220,  iL 
212;  figure  of,  i.  152;  figure  of 
lower  jaw  of,  i.  173. 

Barbs,  of  wheat,  i.  331. 

Baroerrt,  dark  or  red-leaved  varietr, 
i.  385,  462 ;  reversion  in  suckers  of 
seedless  varietv,  L  410. 

Barbut,  J.,  on  the  dogs  of  Guinea,  u 
26 ;  on  the  domestic  pigeons  in 
Guinea,  i.  195;  fowls  not  native  in 
Guinea,  i.  249. 

Barking,  acquisition  of  the  habit  of, 
by  various  dogs,  i.  28. 

Barley,  wild,  i.  330;  of  the  lake- 
dwellings,  i.  335-337;  ancient  variety 
of,  ii.  425. 

Barnes,  Mr.,  production  of  early  peas 
by  selection,  ii.  185. 

Barnet,  Mr.,  on  the  intercrossing  of 
strawberries,  i.  373  ;  di€ecioasne>s  of 
the  hautbois  strawberry,  i.  37.'i ;  on 
the  Scarlet  American  strawberrv,  iL 
184. 

Barth,  Dr.,  use  of  grass-seeds  as  food 
in  Central  Africa,  i.  325. 

Bartlett,  a.  D.,  on  the  origin  of 
^Mlimalayan"  rabbit?  by  intercross- 
ing, i.  113;  on  the  feral  rabbits  of 
Porto  Santo,  i.  119  ;  on  geese  with 
'reversed  feathers  on  the  head  and 
neck,  i.  303 ;  on  the  young  of  the 
black-shouldered  peacock,  L  306  ;  on 
a  varietv  of  the  turkev,  L  309:  size 
of  hybrids,  ii.  112;  on  the  breeding 
of  the  Felida;  in  captivity,  ii.  133; 
so-called  hybrids,  ii.  316. 

Bartiiam,  on  the  black  wolf-dog  of 
Florida,  i.  23. 

BATE.S,  H.  W.,  refusal  of  wild  nnimals 
to  breed  in  captivity,  ii.  132,  135; 
sterility   of  American    monkeys    is 
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captiyity,  ii.  136  ;  steriUty  of  tamed 
guans,  ii.  139. 

Batrachia,  regeneration  of  lost  parts 
in,  ii.  358. 

Beach,  raised,  in  Peru,  containing  heads 
of  maize,  i.  338. 

Bkak,  variability  of,  in  fowls,  i.  271 ; 
individual  differences  of,  in  pigeons, 
i.  168;  correlation  of,  with  the  feet 
in  pigeons,  i.  180-184. 

Bkalb,  Lionel,  on  the  contents  of  cells, 
ii.  372 ;  on  the  multiplication  of  in- 
fectious atoms,  ii.  372. 

Bkans,  i.  349 ;  of  Swiss  lake-dwellings, 
i.  337;  varieties  of,  produced  by 
selection,  ii.  203  ;  French  and  scarlet, 
variable  resistance  of,  to  frost,  ii. 
209,  305 ;  superiority  of  native  seed 
of,  ii.  305 ;  a  symmetrical  variation 
of  scarlet,  ii.  349;  experiments  on 
kidney,  i.  314;  with  monstrous 
Hti  pules  and  abortive  leaflets,  ii. 
335. 

UiiAttD  pigeon,  i.  158. 

Bi:ah8,  breeding  in  captivity,  ii.  134. 

Bkaslkv,  J.,  re^'ersign  in  crossed  cattle, 
ii.  15. 

Bkaton,  D.,  effect  of  soil  upon  straw- 
l»orries,  i.  376  ;  on  varieties  of  pelar- 
gonium, i.  388,  ii.  263,  301 ;  bud- 
variation  in  Gladiolus  colvUlii^  i.  407  ; 
cross  between  Scotch  kail  and  cab- 
hnfre,  ii.  76  ;  hybrid  gladiolus,  ii.  121 ; 
constant  occurrence  of  new  forms 
among  seedlings,  ii.  221 ;  on  the 
doubling  of  the  f>>mpo8itse,  ii.  307. 

Bkciu'ANA  cattle,  i.  91. 

Bkciisteis.  on  the  burrowing  of  wolves, 
i.  'J8;  Spitz  Dog,  i.  32;  origia  of 
tho  Newfoundland  dog,  u 44;  crossing 
of  domest  ic  and  wild  swine,  i.  69 ;  on 
tho  Jacobin  pigeon,  i.  162,  219 ; 
notice  of  swallow-pigeons,!.  164;  on 
a  fork-tailed  pigeon,  i.  164;  varia- 
tions in  the  colour  of  the  croup  in 
pit^eons,  i.  193;  on  the  German  dove- 
cot pigeon,  i.  195  ;  fertility  of  mon- 
jCrel-pigeons,  L  202;  on  hybrid 
tiirtU>-dove.H,  i.  203;  on  cnxsing  the 
pigeon  wiih  Columha  ama»^  C,  palum- 
/>uf,  Turtur  riaoriti^  and  T,  tnUgarit,  i. 
'202;  development  of  apnrs  in  the 
silk-hen,  i.  269;  on  Polish  fowls,  i. 
2>;9,  276 ;  on  crested  birds,  i.  269 ; 


on  the  canary-bird,  i.  311,  465,  ii. 
145  ;  German  superstition  about  the 
turkey,  i.  309 ;  occurrence  of  horns 
in  hornless  breeds  of  sheep,  ii.  3; 
hybrids  of  the  horse  and  ass,  ii.  43 ; 
crosses  of  tailless  fowls,  ii.  70 ;  diffi- 
culty of  pairing  dove-cot  and  fancy 
pigeons,  ii.  82;  fertility  of  tame 
ferrets  and  rabbits,  ii.  90;  fertility 
of  wiUl  sow,  tlnd. ;  difficulty  of  breed- 
ing caged  birds,  iL  137 ;  comparative 
fertility  of  PtittacH*  erithacua  in  cap- 
tivity, ii.  138 ;  on  changes  of  plumage 
in  aiptivity,  ii.  141 ;  liability  of 
light-coloured  cattle  to  the  attacks 
of  flies,  ii.  214;  want  of  exercise  a 
cause  of  variability,  ii.  244 ;  effect  of 
privation  of  light  upon  the  plumage 
of  birds,  ii.  270 ;  on  a  sub-variety  of 
the  monk-pigeon,  ii.  343. 

Bextk,  Mr.,  constitutional  differences  in 
pelargoniums,  i.  388. 

Bkckmann,  on  changes  in  the  odonrs 
of  plants,  ii.  264. 

Beddob,  Dr.,  correlation  of  complexion 
with  consumption,  ii.  329. 

Bee,  persistency  of  character  of,  ii. 
222,  241;  intercrossing,  ii.  107; 
conveyance  of  pollen  of  peas  by,  i. 
348. 

Bek  Opiirys,  self-fertilisation  of,  ii. 
69. 

Beech,  dark-leaved,  i.  385,  462 ;  ferc- 
leaved,  reversion  of,  i.  408  ;  weeping, 
non-production  of,  by  seed,  i.  462. 

Beecuey,  horses  of  Loocthoo  Islands,  i. 
56. 

Beet,  i.  344  ;  in<^rease  of  sugar  in,  bj 
selection,  ii.  185. 

Begonia  frit/tdoj  singular  variety  of,  i. 
389;  sterility  of,  ii.  150. 

Belqian  rabbit,  i.  110. 

Bell,  T.,  statement  that  white  cattle 
have  coloured  ears,  i.  89. 

Bell,  W.,  bud-variation  in  Pariiotm 
tricuapis,  i.  402. 

Belling ERi,  observations  on  gestation 
in  the  dog,  i.  31 ;  on  the  fertility  of 
dogs  and  cats,  ii.  90. 

Bei/>k,  on  high-flying  pigeons  in  Ph- 
phlagonia,  i.  219;  varieties  of  the 
goose,  i.  305. 

Be.nguela,  cattle  of,  i.  92. 

Benneit,  Dr.  G.,  pigs  of  the  Pacific 
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Islands,  i.  73,  ii.  64;  dogs  of  the 
Pacific  I:ilands,  ibid,;  varieties  of  cul- 
tivated plants  in  Tahiti,  ii.  243. 

Bennett,  Mr.,  on  the  fallow  deer,  ii. 
81. 

Bentham,  G.,  number  and  origin  of 
cultivated  plants,  i.  323 ;  on  Phaseo- 
lus,  i.  350;  cereals  all  cultivated 
varieties,  i.  330 ;  species  of  the 
orange  group,  i.  355 ;  distinctions 
of  almond  and  peach,  i.  358 ;  Bri- 
tish species  of  Hosa,  i.  390 ;  identity 
of  Viola  lutca  and  tricolor,  i.  392. 

Bcrlteris  vtlgariSj  i.  410,  i.  462. 

Dcrberis  wallichii,  indilference  of,  to  cli- 
mate, ii.  148. 

Berjeau,  on  the  history  of  the  dog,  i. 
17,  18. 

Berkelev,  G.  F.,  production  of  hen- 
cocks    in  a  strain  of  game-fowls,  i. 


215. 


Berkeley,  M.  J.,  crossing  of  varieties 
of  the  pea,  i.  428 ;  effect  of  foreign 
|)ollen  on  grapes,  i.  430 ;  on  hybrid 
plants,  ii.  112;  analogy  between 
pollen  of  highly-cultivatoJ  plants 
and  hybrids,  ii.  '2I)(} ;  on  Hungarian 
kidney-fbcans,  ii.  265 ;  failure  of  In- 
dian wheat  in  England,  ii.  297. 

Bernard,  inheritance  of  diseaiic  in  the 
horse,  i.  455. 

Bernard,  C,  indei>enilenco  of  the  or- 
gans of  th*.'  bo.ly,  ii.  3G4 ;  speci-il 
alKnitios  of  the  tissues,  ii.  375. 

Bernuardi.  varieties  of  plants  with 
Kiciniated  leaves,  ii.  341. 

Jicrnic/a  (fntantica,  i.  303. 

Bertero,  on  feral  pigeons  in  Juan  Fer- 
nanloz,  i.  2<»0. 

Dctii/a  al'ji,  i.  461. 

Bewick,  on  the  Briti>h  wild  cattle,  i. 
87. 

BiANCONi,  Prof.,  on  the  ^kulls  of  dogs, 
i.  35. 

Bible,  reference  to  breeding  studs  of 
horses  in,  i.  57  ;  references  to  domes- 
tic pigeons  iu  the,  i.  214  ;  indications 
of  selection  of  sheep  in  the,  ii.  186; 
notice  of  mules  in  the,  i'lid. 

BiDWELL,  Mr.,  on  self-impotence  in 
Amarfjlli%  ii,  12(). 

Bignonia,  self-sterility  of,  ii.  117. 

Birch,  weeping,  i.  413,  461. 

Birch,  Dr.  S.,  on  the  ancient  domesti- 


cation of  the  pigeon  in  Egypt*  i. 
214;  notice  of  bantam-  fowU  im  a 
Japanese  encyclopaedia,  i.  241,  259. 

Birch,  Wyblev,  on  nilrer-grej  rabbtts, 
i.  113,  114. 

Birds,  sterility  caa.sed  in,  by  chaa^  ef 
conditions,  ii.  13t^l41. 

Bladder-mut,  tendency  of  the,  to  ]be- 
come  double,  ii.  152. 

Blaine,  Mr.,  on  wry-legged  terrien, 
ii.  232. 

Blainville,  origin  and  history  of  the 
dog,  i.  15-17;  Tariationa  in  tbe 
number  of  teeth  in  dogs,  i.  S6; 
variations  in  the  nunaber  of  toes  in 
dogs,  i.  37 ;  on  mummies  of  cats,  i. 
45 ;  on  the  osteology  of  solid-hooled 
pigs,  i.  78 ;  on  feral  Patagonian  and 
N.  American  pigs,  i.  80. 

"  BLAfiS-TAUBE,"  i.  lea 

Bleeding,  hereditary,  i.  452 ;  sexual 
limitation  of  excessive,  ii.  48. 

Blending  of  crossed  races,  time  occu- 
pied by  the,  ii.  64. 

Blindness,  hereditary,  i.  4.54;  at  a 
certain  age,  ii.  54  ;  associated  with 
colour  of  hair,  ii.  322. 

Bixx)DHOUNDS,  degeneration  of,  caused 
by  interbreeding,  ii.  100. 

BiXMENDACir,  on  the  protuberance  ot 
the  skull  in  Polish  fowls,  i.  26^  ;  on 
the  effect  of  circumcision,  i.  467 ; 
inheritance  of  a  crookeJ  finger,  i. 
460 ;  on  badger-dogs  and  other 
varieties  of  the  dog,  ii.  205 ;  on 
Hydra,  ii.  283  ;  on  the  ''nisusforma- 
tivus,"  ii.  284. 

Blyth,  E.,  on  the  pariah  dog,  i.  25; 
hybrids  of  dog  and  jackal,  L  33; 
earlv  domestication  of  cats  in  India, 
i.  45;  origin  of  domestic  cat,  i.  46; 
rros.«>ing  of  domestic  and  wild  cats, 
ibid.;  on  Indian  cats  resembling  h'eiii 
chatis,  i.  47 ;  on  htriped  Burmese 
ponies,  i.  61;  on  the  stripes  of  the 
ass,  i.  65  ;  on  Indian  wild  pigs,  i.  69  ; 
on  humped  cattle,  i.  83 ;  occurrence 
of  Jios  froiUosus  in  Irish  crannoges 
i.  85 ;  fertile  crossing  of  zebus  and 
common  cattle,  i.  86 ;  on  the  species 
of  sheep,  i.  97 ;  on  the  fat-tailed  Indian 
sheep,  i.  99;  origin  of  the  goat,  L 
105;  on  rabbits  breeding  in  India,  i. 
116;  number  of  tail-feathers  in  fan- 
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tsulit,  i.  153  ;  Loinn  tumbler  pigeons, 
i.    137  ;  number  of  tail-feathers   in 

•  £ct(tpisteSj  i.  67 ;  on  Colwnba  afims, 
i.  192 ;  pigeons  roofiting  in  trees,  i. 
190:  on  Cotumba  UuconotOj  i.  191; 
on  Coiumba  intermedia  of  Strickland, 
\.  193;  Tariution  in  colour  of  croup 
in  pigeons,  i.  193,  194,  206;  rolun- 
tary  domestication  of  rock>pigeons  in 
India,  i.  194;  feral  pigeons  on  the 
Hudson,  i.  200 ;  occurrence  of  sub- 
species of  pigeons,  i.  214;  notice  of 
pigeon-fanciers  in  Delhi,  &c.,  i.  215  ; 
hybrids  of  Oalhts  scnneratii  and  the 
domestic  hen,  i.  245;  supposed  hy- 
brid iiy  uf  Ottihts  temtntncMij  i.  246 ; 
Yuriatiuns  and  domestication  of  Gal- 
/f/.f  6r(n^iMc,  i.  247,  248;  crossing  of 
wild  ami  tame  fowU  in  Burmoh,  i. 
24« ;  restricted  range  of  the  larger 
gallinaceous  birdy,  i.  249;  feral  fowls 
iu  the  Nirubar  Inlands,  i.  249 ;  black- 
skinned  fowls  occurring  near  C;il- 
<  utta,  i.  269  ;  weight  of  Galius  baii- 
J:ir(ty  i.  286;  degeneration  of  the 
turkey  in  India,  i.  310,  ii.  267;  on 
the  colour  of  gold-fish,  i.  312;  re- 
version from  a  cross,  ii.  15 ;  on  the 
(ihor-Khur  {Aaimts  itulicwi%  ii.  17; 
on  Acinus  KcnuonnSy  ii.  17 ;  number 
of  eggs  of  0 alius  bankitxi,  ii.  90 ;  on 
the  breeding  of  birds  in  captivity,  ii. 
14<);  co-existence  of  large  and  small 
brrtHis  in  the  same  country,  ii.  268 ; 
on  the  drooping  ears  of  the  elephant, 
ii.  291 ;  homology  of  leg  and  wing 
leathers,  ii.  315. 

Iioi:THir8  on  Scotch  wild  cattle,  i.  88. 

BoiTAUD  and  Corbit^  on  the  breeds  of 
pi'.;eon%  i.  138;  Lille  pouter  pigeon, 
i.  145;  notice  of  a  gliding  pigeon,  i. 
164  ;  variety  of  the  pouter  pig«on,  i. 
17U;  dove-cot  pigeon,  i.  194;  cross- 
iog  pigeons,  i.  202,  ii.  75,  107; 
sterility  of  hybrids  of  turtle-doves,  i. 
2U3 ;  reversion  of  crossed  pigeons,  i. 
207,  ii.  14  ;  on  the  fantail,  i.  218,  ii. 
42;  on  the  trum{>eter,  ii.  42;  pre- 
potency of  transmission  iu  silky  fan- 
tail,  ii.  42,  44;  secondary  sexual 
characters  in  pigeons,  ii.  50 ;  cross- 
ing of  white  and  coloured  turtle- 
doves, ii  70 ;  fertility  of  pigeons,  ii. 
91. 


BoMDYCiD^  wingless  females  of,  ii 
289. 

Bombyx  hesperut^  ii.  294. 

B(fmbyx  hutUmij  i.  318. 

Bombyx  mori,  i.  317-321. 

BoNAFOUS,  on  maize,  L  338,  339. 

Bonaparte,  number  of  species  of 
Columbidae,  i.  139 ;  number  of  tail- 
feathers  in  pigeons,  i.  167:  size  of 
the  feet  in  Columbidsc,  i.  183 ;  on 
Cvlumha  guinea,  i.  192;  Coiumb't 
turricola,  rupestris  and  schimperi^  i. 
193. 

Bonatea  speciosGy  development  of  ovary 
of,  i.  434. 

Bona VI A^  Dr.,  growth  of  cauliflowers 
in  India,  ii.  301. 

Bonco,  Mr.,  eemi-feral  sheep,  ii.  5. 

Bones,  removal  of  portions  of,  ii.  286 ; 
regeneration  of,  ii.  284 ;  growth  and 
repair  of,  ii.  377. 

BoNizzi,  on  pigeons,  i.  138,  170. 

Bonnet,  on  the  salamander,  ii.  357, 
385;  theory  of  reproduction,  ii.  351, 
370. 

BoucuMEYER,  experiments  with  the 
seeds  of  the  weeping  ash,  i.  462. 

Borecole,  i.  341. 

BORELU,  on  Polish  fowls,  i.  260. 

Borneo,  fowls  of,  with  Uil-bands,  i. 
246. 

BoRNET,  E,  condition  of  the  ovary  in 
hybrid  Ci»ti,  i.  415;  self-impotence 
of  hybrid  Ci^i,  ii.  122. 

Borrow,  G.,  on  pointers,  i.  44. 

BoRY  DE  Saint- Vincent,  on  goid-Hsh, 
i.  313. 

BoSy  probable  origin  of  European  do- 
mestic cattle  from  three  s{iecies  of, 
i.  86. 

Bot  /ronto8'i$j  i.  85. 

Bos  indicuSf  i.  82. 

Boi  longifrons.  i,  8.),  85,  86. 

Bos  primigenius,  i.  83-84,  86,  ii.  98.' 

Bos  sondaicuSf  ii.  191. 

Bos  taums,  i.  82. 

Bos  irochoceroSy  i.  85. 

Bosc,  heredity  in  foliuge-varieties  of  the 
elm,  i.  385. 

B068E,  production  of  double  flowers 
from  old  seed,  ii.  151. 

Boeu,  on  breeding  dark-coloured  silk- 
worms, i.  319. 

BotMAir,  OB  dogs  of  Guinea,  i.  40. 
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BOl'CHABDAT. 
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BI.OOMFIELD. 


Bouchard  AT,  on  th«  Tine  disease,  L 
354. 

BoUDiN,  on  local  diseases,  ii.  266 ;  re- 
sistance to  cold  of  dark-complexioned 
men,  ii.  329. 

**  BOULANS,"  i.  143. 

"  BOUTON  d'Alep,**  ii.  266. 

Ik>WEN,  Prof.,  doubts  as  to  the  import- 
ance of  inheritance,  i.  446. 

Bowman,  Mr.,  hereditary  pecnliarities 
in  the  human  eye,  i.  452-454 ;  here- 
ditary cataract,  ii.  56. 

Brace,  Mr.,  on  Hungarian  cattle,  i.  84. 

Brachycome  {beridifolia,  ii.  249. 

Bracts,  unusual  development  of,  in 
gooseberries,  i.  377. 

Bradley,  Mr.,  effect  of  grafts  upon  the 
stock  in  the  ash,  i.  418;  effect  of 
foreign  pollen  upon  apples,  i.  432; 
on  change  of  soil,  ii.  128. 

*' Brahma  Puotras,*'  a  new  breed  of 
fowls,  i.  258. 

Brain,  pro]K)rtion  of,  in  hares  and 
rabbits,  i.  130-134. 

Brandt,  I>r.,  origin  of  the  goat,  i.  105 ; 
correlation  of  teeth  and  hair,  ii.  321. 

Brassicaj  varieties  of,  with  enlarged 
stems,  ii.  341. 

Brassioa  aspen'folia^  ii.  33'*. 

Brassica  tuipus,  i.  344. 

Brassica  olcracea,  i.  341. 

Brnssica  rapi^  i.  344,  ii.  148, 

Braux,  a.,  bud-variation  in  the  vine, 
i.  400;  in  the  currant,  ibki. ;  in 
Mirahilia  jalapa,  i.  4C>7  ;  in  Cytisus 
adtmiy  i.  413;  on  revcrhion  in  the 
foliapc  of  trees,  i.  408  ;  spontaneous 
production  of  Cytisus  purpweo-cion' 
ffatus,  i.  416;  reversion  of  flowers 
bv  stripes  and  blotches,  ii.  11;  ex- 
cess of  nourishment  a  source  of 
variability,  ii.  244. 

Brazil,  cattle  of,  i.  92. 

Bread-fruit,  varieties  of,  ii.  243;  ste- 
rility and  variability  of,  ii.  256. 

Brke,  NV.T.,  bud-variation  in  Geranium 
prtitctise  and  CctUaurra  cyanus^  i.  404  ; 

■  by  tubers  in  the  dahlia,  i.  41 1  ;  on  the 
deafness  of  white  cats  with  blue  eyes, 
ii.  322. 

Breeding,  high,  dependent  on  inheri- 
tance, i.  446,  447. 

Breeds,  domestic,  persistency  of,  ii.  233, 
423,  424 ;  artificial  and  natural,  ii. 


409,410;  extinction  of,  u.  421 ;  i^ 
domestic  cats,  i.  47-49 ;  of  piga  pro- 
duced by  crossing,  i.  62  ;  of  cattle,  L 
90,  94-97  ;  of  goata,  i.  105. 

Brehm,  on  Columba  cunalitr,  i.  192. 

Brent,  B.  P.,  number  of  mamnue  in 
rabbits,  i.  110;  habiia  of  the  ttiinbler 
pigeon,  i.  158;  Laugher  pigeon,  L  163; 
colouring  of  the  kite  tumbler,  L  169 ; 
creasing  of  the  pigeon  with  Cohtmbi 
anasy  i.  202 ;  mongrels  of  the  tmm- 
peter  pigeon,  ii.  42  ;  close  interbreed- 
ing of  pigeons,  ii.  106;  opinion  on 
Aldrovandi's  fowls,  L  259 ;  on  stripes 
in  chickens,  i.  262 ;  on  the  combs  o( 
fowls,  i.  266;  double-spurred  Dorking 
fowls,  i.  267 ;  effect  of  crossing  on 
colour  of  plumage  in  fowls,  i.  270* 
incubatory  instinct  of  mongrels  be- 
tween non-setting  rarieties  of  fowls 
ii.  18  ;  origin  of  the  domestic  dock, 
i.  291 ;  fertility  of  the  hook-billed 
duck,  A:d. ;  occurrence  of  the  plu- 
mage of  the  wild  duck  in  domestic 
breeds,  i.  294 ;  voice  of  ducks,  i.  295 ; 
occurrence  of  a  short  upper  mandible 
in  crosses  of  hook-billed  and  common 
ducks,  ibid. ;  reversion  in  dncks  pro- 
duced by  crossing,  ii.  14;  variation  of 
the  canary-bird,  i.  311  ;  fashion  in 
the  canary,  ii.  226 ;  hybrids  of  canary 
and  finches,  ii.  20. 

Brick  EU.,  on  raising  nectarines  from 
seeti,  i.  360 ;  on  the  horses  of  North 
Carolina,  ii.  290. 

Bridt.iis,  Mr.,  on  the  dogs  of  Tierra  dd 
Fuego,  i.  41 ;  on  the  selection  of  dc^ 
by  the  Fuegians,  ii.  191. 

Bridgman,  W.  K.,  reproduction  of  ab- 
normal ferns,  i.  408. 

Broca,  1*.,  on  the  intercrossing  qf  dotrs 
i.  32,  .'>3;  on  hvhrids  of  hare  and 
rabbit,  i.  100 ;  on  the  rumpless  fowl. 
i.  271  ;  on  the  character  of  half- 
castes,  ii.  21  ;  degree  of  fertility  of 
mongrels,  ii.  78;  sterility  of  descend- 
ants of  wild  animals  bred  in  cap- 
tivity, ii.  143. 

Broccoli,  i.  341  ;  rudimentary  flower» 
in,  ii.  307 ;  tenderness  of,  ii.  301. 

Bromkhead,  W.,  doubling  of  the  Can- 
terbury Bell  by  selection,  ii.  185i. 

Broomfield,  Dr.,  sterility  of  the  iry 
ond  Acorus  cal'tmus,  ii.  154. 
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Bromtu  secalinuSy  i.  331. 

BisONN,  H.  G.,  bud  vnriatioD  io  Anthe- 
miSf  i.  404 ;  etfecU  of  cross-breeding 
on  the  female,  i.  436 ;  on  heredity 
in  a  one-homed  cow,  i.  456 ;  propa- 
gation of  a  pendulous  peach  by  seed, 
i.  4t>l ;  absorption  of  the  minority  in 
<:rosbed  race<,  ii.  65 ;  on  the  crossing 
of  hordes,  ii.  70 ;  fertility  of  tame 
rabbits  and  sheep,  ii.  90 ;  changes  of 
))lumage  in  captivity,  ii.  141 ;  on  the 
dahlia,  ii.  249. 

BuoxzE  i>eriod,  dog  of,  i.  19. 

UuowN,  C.  M.,  prepotency  of  a  grey- 
houod,  ii.  40. 

Bkowk,  G.,  variations  in  the  dentition 
of  the  horse,  i.  52. 

Diiown-Sequard,  Dr.,  inheritance  of 
artilicijilly-produced  epilejwy  in  the 
guinea-pig,  i.  468 ;  inherited  effects 
of  injurie:!,  S>kL 

Bninswufidy  ii.  121. 

I>RUSSKi.s  sprouts,  i.  341,  ii.  425. 

Hu'a)  tnarimuSy  ii.  137. 

Blcklaxd,  F.,  on  oysters,  ii.  270;  num- 
ber of  eggs  in  a  codfish,  ii.  373. 

BucKLfc:,  Mr.,  doubts  as  to  the  impcr- 
tiince  of  inheritance,  i.  446. 

Buckley,  Mitis,  carrier-pigeons  roosting 
in  trees,  i.  190. 

Blckman,  Prof.,  cultiration  of  Avena 
fiUia,  i.  .330 ;  cultivation  of  the  wild 
parsnip,  i.  344,  ii.  185,  267  ;  rever- 
sion in  the  parsnip,  ii.  4. 

Buckwheat,  injurious  when  in  flower 
to  white  pigs,  ii.  331. 

Bun  and  seed,  close  analogy  <'f,  i« 
444. 

BUD-RKVKRSION,  ii.  10. 

Buds,  adventitious,  ii.  381. 

Bud-variation,  i.  397-444,  ii.  242, 
27S,  279,  281  ;  contrasted  with  semi- 
nal reproduction,  i.  397  ;  peciUiar  to 
jilaDts,  i.  398  ;  in  the  peach,  i.  360, 
398 ;  in  plums,  i.  399 ;  in  the  cherry, 
ihki. ;  in  grapes,  ibid. ;  in  the  gooae- 
berry  aud  currant,  i.  400 ;  pear  and 
.ippl«>,  i.  40 1 ;  and  in  the  banana,  ca- 
mellia, hawthorn.  Azalea  indicOj  aud 
I'aritium  tricuspis,  i.  402 ;  in  the 
huliyhock  and  pelargonium,  ibid.; 
in  Geranium  pratettM  and  the  chry- 
.•-auUicmum,  i.  404 ;  io  rosea,  i.  390, 
404-406;  in  sweet  williamsi  carna- 


tions, pinks,  stocks,  and  snapdragons, 
i.  406,  407  ;  in  wall-flowers,  cycla- 
men, (Enothera  (rienmsy  Gtadiolus 
cotviUii,  fuchsias,  and  MirabUia  jalapa^ 
i.  407  ;  in  foliage  of  various  trees,  i. 
408 ;  cryptogam ic  plants,  ibitL  ;  by 
suckers  in  Phlox  and  barberry,  i.  410 ; 
by  tubers  in  the  potato,  ibid, ;  in  the 
dahlia,  i.  411;  by  bulbs  in  hyacinths, 
Jmataphyilwn  miniatumj  and  tulips, 
if/id,  ;  in  Tigridia  conchi/hra,  i.  412 ; 
in  HemerocaUiay  ibid. ;  doubtful  cases, 
i.  412^13 ;  in  Cytittu  adami,  i.  413- 
416 ;  summary  of  observations  on, 
437. 

BUFFON,  on  crossing  the  wolf  and  dog, 
i.  32 ;  increase  of  fertility  by  domes- 
tication, ii.  89 ;  improvement  of 
plants  by  unconscious  selection,  ii. 
200 ;  theory  of  reproduction,  ii.  370. 

BtdimuSj  ii.  28. 

Bull,  apparent  influence  of,  on  off- 
spring, ii.  44. 

Bullace,  i.  366. 

Bulldog,  degeneration  of,  in  India,  i.  39 ; 
recent  modifications  of,  i.  44. 

Bullfinch,  breeding  in  captivity,  ii. 
137  ;  attacking  flower-buds,  ii.  217.  - 

Bult,  Mr.,  on  the  length  of  pouter 
pigeons,  i.  218. 

"  BtJNDTNCBSCUWEIN,*'  i.  70. 

Bunting,  reed,  in  captivity,  ii.  141. 

BURDACH,  crossing  of  domestic  and  wild 
animals,  i.  69 ;  aversion  of  the  wild 
boar  to  barley,  ii.  293. 

Burke,  Mr.,  inheritance  in  the  horse,  i. 
455. 

BuriingUmia,  ii.  116. 

BURMAU,  cats  of,  i.  49. 

Burmese  ponies,  striped,  i.  61. 

BuRNBB,  Sir  A.,  on  the  Karakool  sheep, 
i.  102,  ii.  268 ;  varieties  of  the  vine 
in  Cabool,  i.  353  ;  hawks,  trained  in 
Scinde,  ii.  136;  pomegranates  pr(v- 
ducing  seei,  ii.  152. 

Burr,  Fearing,  potato- gra A  ing,  i.  422. 

Burton  CoNsrABLr^,  wild  cattle  at,  i.  88. 

"  Burzel-Tauden,"  i.  156. 

BuflSORAH  carrier,  i.  148. 

Buteo  vuigariSy  copuUition  of,  in  captiv- 
ity, ii.  137. 

Butterflies,  polymorphic,  ii.  394. 

Buxton,  Mr.,  parrots  breeding  in  Nor- 
folk, ii.  138. 
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CABUEB. 


BuzAREiNOUES,  GiROC7  DE,  inheritance 
of  tricks,  L  450. 

Cabaxis,  pears  grafted  on  the  quince, 
ii.  246. 

Cabbaqe,  i.  341-344 ;  rarieties  of,  i. 
341 ;  unity  of  character  in  flowers 
and  seeds  of,  i.  342 ;  cultivated  by 
ancient  Celts,  ihid. ;  classification  of 
varieties  of,  ibid,  ;  ready  crossing  of,  i. 
343,  ii.  68,  76, 110 ;  origin  of,  i.  343 ; 
increased  fertility  of,  when  culti- 
vated, ii.  91 ;  growth  of,  in  tropical 
countries,  ii.  266. 

Cabool,  vines  of,  i.  353. 

Cabral,  on  early  cultivation  in  Brazil, 
i.  329. 

Cactus,  growth  of  cochine^il  on,  in 
India,  ii.  265. 

C.£8AR,  Bos  primi{jeniu8  wild  in  Europe 
in  the  time  of,  i.  84  ;  notice  of  fowls 
in  Britain,  i.  258 ;  notice  of  the  im- 
portation of  horses  by  the  Colts,  ii. 
187. 

Caffrk  fowls,  i.  241. 

CAFFRFii,  dirtcrent  kinds  of  cattle  pos- 
sessed by  the,  i.  91. 

**  Cauias,"  a  breed  of  sheop,  i.  09. 

Cairina  moschata,  i.  191. 

Caixjeolarias,  i.  388;  ii.  129  ;  ePVcts 
of  seasonal  conditions  on,  ii.  263 ; 
peloric  flowers  in,  ii.  338. 

CaldwelLj  J.,  sporting  of  sugar-cane, 
i.  410. 

"Calongos,"  a  Columbian  breed  of 
cattle,  i.  92. 

Calver,  Mr.,  on  a  seedling  peach  pro- 
ducing both  poaches  and  nectarines, 
i.  3(>2. 

Calyx,  sogments  of  the,  converted  into 
carpels,  ii.  387. 

Camel,  its  dislike  to  crossing  water,  i. 
190. 

Cameilhy  bud-variations  in,  i.  401  ;  re- 
cognition of  varieties  of,  ii.  238  ;  va- 
riety in,  hardiness  of,  ii.  299. 

Cameron,  IX,  on  the  cultivation  of 
Alpine  plants,  ii.  147. 

Cameroxx,  Baron,  value  of  English 
blood  in  race-horses,  i.  456. 

Campamda  mcdinm,  ii.  185. 

Canary-bird,  i.  311 ;  conditions  of  in- 
heritance in,  i.  465 ;  hybrids  of,  ii. 
20 ;  period  of  perfect  plumage  in,  ii. 


53 ;  diminished  fertilitj  ot,  iL  14A ; 
standard  of  perfection  in,  iL  179; 
analogous  variation  in,  iL  3^1. 

Cancer,  heredity  of,   L  452,  iL  56. 

Canfield,  Dr.,  on  horses  with  cnrled 
hair,  i.  58 ;  on  feral  horses  in  North 
America,  i.  64. 

Cantne  teeth,  development  of  the,  in 
mares,  ii.  310. 

Cams  alopexj  i.  30. 

Canis  antarctkuSf  i.  20. 

Canis  argentaiuSy  ii.  134. 

Canis  aumUj  i.  30. 

Canis  cancrivoruSy  domesticated  an  J 
crossed  in  Guiana,  i.  23. 

Cania  cinerfO-variegatuBj  i.  30. 

Canis  fultus,  i.  30. 

Corns  ingctf  the  naked  Peruvian  dog, 
L24. 

Canis  latrans,  i.  27 ;  resemblance  of,  to 
the  Hare  Indian  dog,  i.  22 ;  one  of  the 
original  stocks,  i.  26. 

Canis  lupastcr,  i,  25. 

Cnnt's  lupus  J  var.  oocidcntalis,  resem- 
blance of,  to  North  American  dogs,  i. 
21 ;  cros.sed  with  dogs,  i.  23  ;  one  of 
the  original  stocks,  i.  26. 

Canis  mesorndaSj  i.  26,.  30. 

Canis  primTvuSy  tamed  by  Mr.  Hodgson, 
i.  27. 

Canis  sabbar^  i.  25. 

Canis  simcnsiSj  possible  original  of  grey- 
hounds, i.  34. 

Canis  thaleh,  i.  30. 

Canis  taricgatus,  i.  30. 

Canning,  A.  S.  G.,  the  japanned  pea- 
cock, i.  305-307. 

Canterbury  Bell,  doubled  by  selection, 
ii.  185. 

Cape  of  Good  Hope,  different  kinds  of 
cattle  at  the,  i.  91 ;  no  useful  plants 
derived  from  the,  i.  328. 

Capercailzie,  breeding  in  captivitv,  ii. 
139. 

Capra  cpgngnts  and  C.  falconeri,  pro- 
bable parents  of  domestic  goat,  i.  105. 

Capsicum,  i.  396. 

Cardan,  on  a  variety  of  the  walnut,  L 
379  ;  on  grafted  walnuts,  ii.  247. 

Cardoon,  ii.  7. 

Carex  rigida,  local  sterilitv  of  the,  ii. 
154. 

Carlier.  earlv  selection  of  sheep,  ii. 
188. 
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Carusle^  Sir  A.,  iDheritance  of  peca- 
liarities,  i.  450,  452 ;  of*  polydacty- 
lism,  i.  458. 

"Carme"  pigeon,  i.  164. 

Carnation,  bud-variatioa  in,  i.  406 ; 
variability  of,  i.  394;  striped,  pro- 
duced by  crossing  red  and  white,  i. 
4'JG ;  eflect  of  conditions  of  life  on  the, 
ii.  202. 

Carnivora,  general  fertility  of,  in  cap- 
tivity, ii.  133. 

Caroune  Archipelago,  cats  of,  i. 
49. 

Carp,  ii.  222. 

Cari'LLS,  variation  of,  in  cultivated  Cu- 
curbitaceae,  i.  382. 

Carpenter,  W.  B.,  regeneration  of  bone, 
ii.  284;  number  of  egg8  in  an  ^9ixim, 
ii.  373. 

Carpinus  bctiUus^  ii.  385. 

Carpophaja  occanicay  ii.  408. 

Caur,  Mr.,  effect  of  changed  conditions, 
ii.  04. 

Carrier  pigeon,  i.  140-149;  English, 
ibiiJ.;  figured,  i.  147 ;  skull  figured, 
i.  172 ;  history  of  the,  i.  221 ;  Persian, 
i.  148;  Bussorah,  iW. ;  Bagadotten, 
skull  figured,  i.  172;  lower  jaw 
figured,  i.  174. 

CarriIeri-:,  origin  of  radish,  i.  345;  in- 
termediate form  between  the  almond 
and  the  peach,  i.  350 ;  glands  of  peach- 
leaves,  i.  3G4 ;  bud-variation  in  the 
vine,  i.  308  ;  bud- variation  in  the  roM, 
i.  40G ;  inheritance  in  purple-leaved 
trees,  i.  471  ;  on  variation,  i.  439, 
441,  442  ;  grafts  of  Aria  festUa  Ufton 
thorns,  i.  413  ;  variability  of  hybrids 
of  Krtfthritm^  ii.  253. 

Carrot,  wild,  effects  of  cultiration  on 
the,  i.  345 ;  reversion  in  the,  ii.  5 ; 
run  wild,  ii.  7  ;  increased  fertility  of 
cultivated,  ii.  91  ;  experiments  on  the, 
ii.  267 ;  acclimatisation  of  the,  in 
India,  ii.  302. 

CarihatwiSj  abortion  of  the  pappos  in, 
ii.  :K)7. 

Cartieb,  cultivation  of  native  plants 
in  Canada,  i.  329. 

CARVopiiYLLACEAi^  frequeocy  of  oonta- 
be!»ceQce  in  the,  ii.  149. 

Casparv,  bud-variation  In  the  moes- 
rose,  i.  405 ;  on  the  ovules  and  polleB 
of  Cytisusy  i.  4 1 5 ;  cros&ing  of  Cytimu 


purpuretis  and  C.  kibumumj  i.  416; 
trifacial  orange,  i.  418;  diffe-*ently- 
coloured  flowers  in  the  wild  Viola 
iutea,  i.  440 ;  sterility  of  the  horse- 
radish, ii.  154. 

Castelnau,  on  Brazilian  cattle,  i.  92. 

Castration,  assumption  of  female  cha- 
racters caused  by,  ii.  26,  27. 

Casuarius  hennettiiy  ii.  140. 

Cat,  domestic,  i.  45-50 ;  early  domesti- 
cation and  probable  origin  of  the,  i. 
45,  46 ;  intercrossing  of,  with  wild 
species,  i.  46,  47 ;  variations  of,  i.  47- 
49 ;  feral,  i.  49,  ii.  6 ;  anomalous,  i. 
50 ;  polydactylism  in,  i.  458 ;  black, 
indications  of  stripes  in  young,  ii.  30  ; 
tortoiseshell,  ii.  49;  effects  of  crossing 
in,  ii.  63 ;  fertility  of,  ii.  89  ;  difficulty 
of  selection  in,  ii.  220,  222  ;  length  of 
intestines  in,  ii.  292  ;  white  with  blue 
eyes,  deafness  of,  ii.  322 ;  with  tufted 
ears,  ii.  343. 

Cataract,  hereditary,  i.  453,  ii.  56. 

Caterpillars,  effect  of  changed  food  en, 
ii.  270. 

Catleya  leopoldii,  i.  431. 

Catlin,  G.,  colour  of  feral  horses  in 
North  America,  i.  64. 

Caton,  Judge,  wild  turkey,  ii.  91. 

Cattle,  European,  their  probable  origin 
from  three  original  species,  i.  82-85 ; 
humped,  or  zebus,  i.  82 ;  inter- 
crossing of,  i.  86,  94,  97 ;  wild,  of 
Chillingham,  Hamilton,  Chartley, 
Burton  Constable,  and  Gisburne,  i. 
87,  ii.  97 ;  colour  of  feral,  i.  88-89, 
ii.  180;  BritUh  breeds  of,  i.  90,  91; 
South  African  breeds  of,  i.  91 ;  South 
American  breeds  of,  i.  92,  ii.  189; 
Niata, i.  92, 94,  ii.  190, 193, 332 ;  effects 
of  food  and  climate  on,  i.  94 ;  effects 
of  selection  on,  i.  95,  96  ;  Dutch-but- 
tocked,  i.  452 ;  hornless,  production 
of  horns  in,  ii.  313;  reversion  in, 
when  crossed,  ii.  15;  wildness  of 
hybrid,  ii.  19;  short-horned,  prepo- 
tency of,  ii.  40 ;  wild,  influence  of 
crossing  and  segregation  on,  ii.  63  ; 
crosses  of,  ii.  74,  82,  96 ;  of  Falkland 
Islands,  iL  80;  mutual  fertility  of  all 
varieties  of,  ii.  88;  effects  of  inter- 
breeding on,  ii.  96,  97;  short-horn, 
sterility  of,  ii.  97 ;  effects  of  careful 
selection  on,  ii.  178,  18i;  naked,  of 
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Colombia,  it  189;  crosMd  with  wild 
b«iit«Bg  io  Java,  ii.  191 ;  with  re- 
rened  hair  io  Banrla  Oriental,  ii. 
190;  selection  of  triHinf;  characters 
in,  ii.  193;  fashion  in,  ii.  195;  simi- 
larity of  best  races  of,  f  i.  227 ;  nncon- 
scions  selection  in,  ii.  198 ;  eflects  of 
natural  selection  on  anomalous  breeds 
of,  ii.  211.212;  li^ht-coloured,  at- 
Ucked  by  flies,  ii.  214.  330;  Jersey, 
rapid  improTement  of,  ii.  220 ;  effects 
of  disnse  of  parts  in,  ii.  289 ;  rudi- 
mentary horns  in.  ii.  306 ;  supposed 
influence  of  humidity  on  the  hair  of, 
ii.  318;  white  spots  of,  liable  to 
disease,  ii.  331  ;  supposed  analogous 
variation  in,  ii.  341 ;  displacement 
of  long- horned  by  short-homed,  ii. 
421. 

Cauliflower,  i.  341 ;  free- seeding  of, 
in  India,  ii.  301 ;  rudimentary  flowers 
in,  ii.  306. 

Cavalier  pigeon,  ii.  75. 

Catia  ajierca^  ii.  134. 

Cay  (Cebus  azar(p)j  sterility  of,  in  con- 
Hnement,  ii.  136. 

C^j(U  a-.nr(rj  ii.  136. 

Ceculonvfitiy  larval  development  of,  ii. 
273,  353,  363 ;  and  Mi»)C  unpus^  i.  5. 

Cedars  of  Lebanon  and  Atlas,  i.  387. 

Celkrv,  turnip-rooted,  i.  344 ;  run  wild, 
ii.  7. 

Ckll-theort,  ii.  366. 

CeloBui  crigtata^  i.  389. 

Cewjus,  on  the  selection  of  secd-com,  i. 
336,  ii.  187. 

Celts,  early  cnltivation  of  the  cabbaj^e 
by  the,  i.  342  ;  selection  of  cattle  and 
horses  by  the,  ii.  187. 

Cenr/mtSf  seeds  of  a,  used  as  food,  i. 
326. 

Ccntiurci  ci/iin'is^  bud-variation  in,  i. 
404. 

Ceimtalopoda,  sitermatophores  of,  ii. 
379. 

Crntinis  pahuf^  yellow-fruited,  i.  462. 

Cercoi'ptvSf  sterility  of,  in  captivitv,  ii. 
134. 

C^rcitpithrcH.%  breeding  of  a  species  of, 
in  captivitv,  ii.  136. 

Cereals,  i.  329,  330;  of  the  Neolithic 
period  in  Switzerland,  i.  335 ;  adapta- 
tion of,  to  M>ils,  ii.  295. 

C</rM.t,  ii.  11. 


Tn  mi  irji  n'lufiii'mni  mil  jiH^ffirftn^  ii 
version  in  hybrids  oC^  L  425t. 

Cerau  canadensis,  ii.  141. 

Cervvs  dama,  ii.  99. 

Cetacca,  correlation  of  dermal  system 
and  teeth  in  the,  iL  321. 

Ceylox,  caU  of,  L  48 ;  pigeon-fiiDCTiaf 
in,  i.  *n6. 

CHAJiiaBO,  on  seeding  bread-fruit,  iL 
152, 

Channel  Island^  breeds  of  cattle  ia,  L 
83. 

Chapman,  Professor,  peach-trees  pnv> 
ducing  nectarines,  L  362. 

Chapuis,  F.,  sexual  pecoliarities  in 
pigeons,  i.  170;  effect  produced  by 
first  male  upon  the  snbseqaeat  pro- 
geny of  the  female,  i.  437 ;  sterility 
of  the  union  of  some  pigeons,  iL  146. 

Characters,  flxity  of,  iL  225 ;  lateat, 
ii.  25-31,  393,  394;  conUnued  di- 
vergence of,  iL  227  ;  anta^nistic,  iL 
395. 

Chardin,  abundance  of  pigeons  in  Per- 
sia, i.  215. 

Charlemagne,  orders  as  to  the  selectios 
of  ital lions,  ii.  187. 

Chartley,  wild  cattle  of,  i.  88. 

CiiATE,  rever>ion  of  the  upper  seeds  in 
the  po<ls  of  stocks,  ii.  340. 

Chaundy,  Mr.,  crossed  varieties  of  cab- 
bage, ii.  110. 

Cheetah,  general  sterilitv  of,  in  cap- 
tivity, ii.  133. 

Cheiranthus  cheiri^  i.  407. 

Cherries,  i.  368,  369 ;  bud-variation  in, 
L  399;.  white  Tartarian,  ii.  215: 
variety  of,  with  curled  petals,  iL  218 ; 
perio<l  of  vegetation  of,  changed  by 
forcing,  ii.3ol. 

CiiEVREUL,  on  crossing  fruit-trees,  ii. 

lie. 

Chickens,  differences  in  characten  of,  i. 
261,262;  white,  liable  to  gape^  iL 
213,  330. 

Chigoe,  ii.  265. 

Chile,  sheep  of,  i.  99. 

Chillingham  cattle,  identical  with  /^if 
primiijriwu,  i.  84  ;  characters  of^  i.  87. 

Chiloe,  half-castes  of,  iL  21. 

Ciii.NA,  cats  of,  with  drooping 
49;  horses  of,  i.  56;  striped 
of,  i.  62;  asses  of,   L  66;  no^ee  ol 
rabbits  in,  by  Confncius,  i.  107 ;  breed* 


t. 


CUINCUILLA. 


INDEX. 


OOLOCU. 


441 


of  pigeonji  reared  in,  i.  216 ;  breeds 
of  fowls  of,  in  fifteenth  centurv,  i. 
243,  259. 

CiiiNCiiiLLA,  fertility  of,  in  captivity, 
ii.  135. 

CiiiXLSC,  selection  practised  by  the,  ii. 
189;  preference  of  the,  for  hornless 
rnms,  ii.  194;  recognition  of  the  value 
of  native  breeds  by  the,  ii.  304. 

Chini<:se,  or  Himalayan  rabbit,  i.  112. 

**  Chivos,"  a  breed  of  cattle  iu  Paraguay, 
i.  92. 

ClIOLX-RJLVES,  i.  342. 

Christ,  H.,  on  the  plants  of  the  Swiss 
J^iice-dwelliugs,  i.  32G,  336  ;  interme- 
diate forms  between  Pinus  sylccstris 
and  montanaj  i.  387. 

CimYSANTHKMUM,  i.  404. 

CItrijsotis  /estiva J  ii.  269. 

CiNKKARiA,  eti'ects  of  selection  on  the, 
ii.  184. 

CiRCASSiA,  horses  of,  ii.  80. 

Circumcision,  i.  467. 

Cirripkdf:s,  metagenesis  in,  ii.  362. 

Ci^t'is,  intercrossing  and  hybrids  of,  i. 
35»i,  459,  ii.  122. 

Citrons,  i,  355,  356. 

'*  Citnu  aw'untiiun  fruciu  v  JrtabUi,"  i. 

if  -  "^ 

Citrus  dccuminay  i.  355. 

Cdrus  lanonuniy  i.  356. 

Citrus  mcdicay  i.  355,  356. 

<. 'la  Pit  AM,  A.,  bud-variation  in  the 
hawthorn,  i.  402. 

**  Claquant  "  (pigeons),  i.  145. 

"CLAQUER8"  (pigeons),  i.  164. 

Clark,  G.,  on  the  wild  dogs  of  Juan  de 
Nova,  i.  28 ;  on  btriped  Burmese  and 
Javanese  ]>onies,  i.  61;  breeds  of 
};<)atK  imported  into  the  Mauritius,  L 
105;  variation!  in  the  mammfB  of 
j^tiatii,  i.  106;  bilobed  scrotom  of 
MuAcat  goat,  ibid, 

Clark,  H.  J.,  on  lission  and  gemmation, 
ii.  351. 

Clarkk,  R.  T.,  intercrossing  of  Hraw- 
berrieb,  i.  374. 

Clarke,  T.,  hybridisation  of  siotLs,  i. 
429,  ii.  71. 

CLARKflON,  Mr.,  prize-cultivation  of  the 
gooseberry,  i.  378. 

Classification,  explained  by  the  theory 
uf  natural  selection,  i.  11. 

Clkft  palate,  inheritance  of|  i.  466. 


Clexekte,  on  wild  vines  in  Spain,  i. 

352. 
Clermont-tonnebre,  on  the  St.  Va- 

Ury  apple,  i.  432. 
Cumate,  effect  of,  upon  breeds  of  dogs, 

i.  39 ;  on  horses,  i.  55,  56 ;  on  cattle, 

i.  95,  96 ;  on  the  fleece  of  sheep,  i. 

102,  103 ;  on  seeds  of  wheat,  i.  333 ; 

on  cultivated  cabbages,  i.  344;  adap- 
tation of  maize  to,  i.  341. 
Climate   and    pasture,  adaptation  of 

breeds  of  sheep  to,  i.  100, 101. 
CuMATE    and    soil,    effects    of,    upon 

strawberries,  i.  375. 
Cline,  Mr.,  on  the  skull  in  horned  and 

hornless  rams,  ii.  327. 
Clos,  on  sterility  in  Hanuncvlus  f  carta, 

ii.  155. 
Clotzscii,  hybrids  of  various  trees,  ii. 

111. 
Clover,  pelorism  in,  ii.  338. 
Coate,  Mr.,  on  interbreeding  pigs,  ii.  102. 
Coccus  of  apple-trees,  ii.  217. 
Cochin  fowls,  i.  237,  263,  264,  273, 

274 ;  occipital  foramen  of,  figured,  i. 

274;  section  of  skull  of,  figured,  i. 

277 ;  cervical  vertebra  of,  figured,  i. 

281. 
Cochineal,  persistence  of,  ii.  222 ;  pre- 
ference of,  for  a  particular  cactus,  ii. 

265. 
Cochiearia  armoracia,  ii.  154. 
Cock,  game,  natural  selection  in,   ii. 

210;  spur  of,  grafted  on  the  comb, 

iu  286 ;  spur  of,  inserted  into  the  ear 

of  an  oz,  ii.  365 ;  effect  of  castration 

upon  the,  ii.  26. 
CocK*s-coMU,  varieties  of  the,  i.  389. . 
Cocoons  of  silkworms,  variations  in,  i. 

319. 
Codfish,   bulldog,  i.   93;    number  of 

eggs  in  the,  ii.  373. 
Cixlogenyt  paoOy  ii.  135. 
COUN,  prepotency  of  the  ass  over  the 

horse,  ii.  43;   on   cross-breeding,  ii. 

75 ;  on  change  of  diet,  ii.  293. 
CoLUNSON,  Peter,  peach-tree  produc- 
ing a  nectarine,  i.  361. 
Coloration  in  pigeons,  an  evidence  of 

unity  of  descent,  i.  204-206. 
Colour,  correlation  of,  in  dogs,  i.  28, 

29 ;  persistence  of,  in  horses,  i.  53 ; 

inheritance     and    diversity    of,    in 

horses,  L  57;   variations  of,  in  the 
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ASS,  i.  60 ;  of  wild  or  feral  cattle,  i. 
88 ;  transmission  of,  in  rabbits,  i. 
Ill;  peculiarities  of,  in  Himalayan 
rabbits,  i.  114;  influence  of,  ii.  212- 
216;  correlation  of,  in  head  and 
limbs,  ii.  316;  correlated  with  con- 
stitutional peculiarities,  ii.  329-332. 

Colour  and  odour,  correlation  of,  ii. 
317. 

Colour-blindness,  hereditary,  i.  454; 
more  common  in  men  than  in  women, 
ii.  48,49;  associated  with  inability 
to    distinguish    musical    sounds,   ii. 


'\O0 


Colours,   sometimes  not    blended    by 

crossing,  ii.  70. 
Columba  affiniSy  Dlyth,  a  variety  of  C. 

liviGj  i.  192. 
Coiumba  ainalicBj   lirehm,  a  variety  of 

C.  iivia,  i.  102. 
Columba  guinea,  i.  192. 
Cotwiiba  (jymnocijdus^  Gray,  a  form  of 

C.  livia,  i.  193. 
Columba  gym^wphthahnos,    hybrids    of, 

with  C.  omas,  i.  202;  with  C.  inacu' 

losa,  i.  203. 
Cohimha  m^''rin<'cf/rt,Stiicklanil,  a  variety 

of  C.  livia,  i.  193. 
Columba  Icucocephala,  ii.  1.>9, 
Colwnha  Icuconota,  i.  191,  20.'). 
Ci.diim}xi  littoralis,  i.  191. 
Columba  //piVi,  ii.  2,  14 ;    the  parent  of 

domestic  breeds  of  pigeons,  i.   192; 

measurements  of,  i.  140;    figured,  i. 

141;    skull    figure<l,    i.   172;    lower 

jaw  figured,  i.  173;  scapula  figured, 

i.  176. 
Columba  luctuosa^  i.  191. 
Columba  mitjratoriii  and  Icucocepliala,  di- 
minished fertility  of,  in  captivity,  ii. 

139. 
Cdttmba   (cnaSj    i.    192  ;    crossed    with 

common  pigeon  and  C.  gymnophthal- 

mos,  i.  203. 
Columba  fxilumbus,  i.  202,  ii.  342. 
Columba  rupe.tris,  i.  191,  193,  205. 
Citlumh>%  schimperiy  i.  193. 
Columba  tonpuUriXy  ii.  342. 
Colninfxt  turricoJa^  i.  193. 
Columbia,  cattle  of,  i.  92. 
Columbine,  double,  i.  388,  ii.  323. 
Columbus,  on  West  Indian  dogs,  i.  23. 
Columella,  on  Italian  shepherd  dogs, 

i.  23 ;  on  domestic  fowls,  i.  243,  259, 


ii.  187,  424 ;  on  the  keeping  of  dacki, 
i.  291 ;  on  the  selection  of  seed-oon, 
i.  336 ;  on  the  benefits  of  change  of 
soil  to 'plants,  ii.  128;  on  the  mlae 
of  native  breeds,  ii.  304. 

Colza,  i.  344. 

Comb,  in  fowls,  rariations  of,  i.  266; 
sometimes  rudimentary,  ii.  30G. 

Compensation,  law  of,  i.  288. 

Compensation  of  growth,  ii.  335-337. 

Complexion,  connection  of,  with  con- 
stitution,  ii.  329. 

COMPOSiTiG,  double  flowers  of,  i.  388, 
ii.  151,  307. 

Conception,  earlier  in  Aldemey  and 
Zetland  cows  than  in  other  breeds,  i. 
91. 

Conditions  of  life,  changed,  effect  of, 
ii.  413-414;  on  horses,  i.  54;  upon 
variation  in  pigeons,  i.  223;  npon 
wheat,  i.  333;  upon  trees,  L  384;  in 
producing  bud-variation,  i.  441 ;  ad- 
vantages of,  ii.  127-130,  160,161; 
sterility  caused  by,  ii,  130-149; 
conducive  to  variability,  ii.  243-249, 
388  ;  accumulative  action  of,  ii.  249- 
252;  direct  action  of,  ii.  260-282. 

Condor,  breeding  in  captivity,  ii.  137. 

Confinement,  efleot  of,  upon  the  cock, 
ii.  97. 

Confucius,  on  the  breeding  of  rabbits 
in  China,  i.  107. 

Conolly,  Mr.,  on  Angora  goats,  iL 
318. 

Constitutional  differences  in  sheep,  i 
100;  in  varieties  of  apples,  i.  37<^. 
371;  in  pelargoniums,  i.  388;  in 
dahlias,  i.  394. 

Constitutional  peculiarities  in  straw- 
berries, i.  375;  in  roses,  i.  391. 

C<>N8UMPTI0N,  hereditary,  i.  451 ;  |te- 
riod  of  appearance  of,  ii.  54 ;  corre- 
lated with  complexion,  ii.  329. 

CONTABESCENCE,  ii.  149,  150. 

Convolvulus  bdtataSj  ii.  15;^,  299. 

Convolvulus  tricolor^  bud-variation  in,  i. 
440. 

Cooper,  Mr.,  improvement  of  vegetables 
by  selection,  ii.  188. 

Cooper,  White,  hereditary  peculiarities 
of  vi>ion,  i.  453  ;  association  of  affec- 
tions of  the  eyes  with  those  of  other 
sv.stems  ii.  321. 

1  Corals,  bud-variation  in,  i.  398;  noo« 
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diflusioQ    of    cell-gemmules    in,    ii. 
374. 

CoRBiB.     S€€  Boitard. 

CouDEMOZ,  Dr.,  seedless  plants,  ii.  153. 

Cornea,  opacity  of,  inherited,  i.  453. 

Connis  jiuisctUa^  yellow-fruited,  i.  462. 

C'oRUKLATlOX,  ii.  311 ;  of  neighbouring 
parts,  ii.  312 ;  of  change  in  the 
whole  body,  and  in  some  of  its  parts, 
ii.  313 ;  of  homologous  parts,  ii.  314— 
325;  inexplicable,  ii.  325-357  ;  com- 
mingling of,  with  the  effects  of  other 
agencies,  ii.  327-329. 

CoRiiKLATiON  of  skull  and  limbs  in 
Kwine,  i.  75 ;  of  tusks  and  bristles  in 
swine,  i.  79;  of  multiplicity  of  horns 
and  coarseness  of  wool  in  sheep,  i. 
98;  of  beak  and  feet  in  pigeons,  i. 
182, 183 ;  between  nestling  down  and 
colour  of  plumage  in  pigeons,  i.  204 ; 
of  changes  in  silkworms,  i.  321 ;  in 
plants,  ii.  204 ;  in  maize,  i.  341 ;  in 
pigeons,  i.  177-180,  228;  in  fowls,  i. 
288-289. 

Cc>rrf:8PONDIN0  periods,  inheritance  at, 
ii.  51-57. 

CoRRiENTES,  dwarf  cattle  of,  i.  92. 

Corrinoham,  Mr.,  induence  of  selection 
on  pigs,  ii.  182. 

Corsica,  ponies  of,  i.  54. 

"  CoRTUECK  "  (pigeon)  of  AldroTandi,  i. 
219. 

('onus  coronCj  and  C.  comix,  hybrids 
of,  ii.  72. 

Corifd/tiiSj  flower  of,  ii.  336. 

Corifdiiiis  cavi^  ii.  113,  114. 

Corifdilis  soliday  sterile  when  poloric,  ii. 
150. 

Corifililis  tubcrosa,  peloric  by  reversion, 
ii.  33. 

Cori/lus  avcUana,  i.  379. 

Costa,  A.,  on  shells  transferred  from 
Kngland  to  the  Mediterranean,  ii. 
270. 

Coijtx,  Dr.  tl,  on  a  monstrous  chicken, 
ii.  385. 

Cow  PER,  Mr.  White,  defective  develop- 
ment of  the  dental  system,  ii.  321. 

"CouvE  Tronchuda,"  i.  342. 

Cow,  inheritance  of  loss  of  one  horn  in 
the,  i.  456;  amount  of  milk  fur- 
ni>hed  by  the,  ii.  290;  development 
of  hix  mammsc  in,  ii.  309. 

CowsUP,  ii.  464. 


CRACiDiF^  sterility  of  the,  in  captivity, 

ii.  139. 
Cranes,   fertility   of,  in   captivity,  ii. 

140. 
Cratcegus    oxijacmtka,  i.  387,  402,  ii. 

217,  246,  461. 
Cratcegus  monogyna,  i.  387. 
Crakegus  8ff>iricay  i.  387. 
Crawfurd,  J.,  Malasian   cats,    i.  49; 
horses  of  the  Malay  Archipelago,  i. 
51 ;  horses  of  Japan,  i.  56 ;  occurrence 
of   stripes   in    young   wild   pigs    of 
Malacca,  i.  80 ;  on  a  Burmese  hairy 
family  with   deficient  teeth,  ii.  53, 
320 ;   Japanese  origin  of  the  bantam, 
i.  241 ;  game  fowls  of  the  Philippine 
Islands,  ii.  243;   hybrids   of  (J alius 
varius  and   domestic   fowl,   i.   246 ; 
domestication   of  Gallus  hankhay   i. 
248 ;  feral  fowls  in  the  Pel  lew  Islands, 
i.  249 ;  history  of  the  fowl,  i.  258 ; 
history  of  the  domestic  duck,  i.  291 ; 
domestication  of  the   goose,  i.  303; 
cultivated  plants  of  New  Zealand,  i. 
329;  breeding  of  tame  elephants  in 
Ava,    ii.    132;    sterility    of    Goura 
coronata    in    confinement,    ii.    139; 
geese  of  the  Philippine  Islands,   ii. 
145. 
Creepers,  a  breed  of  fowls,  i.  241. 
Crested  fowl,  i.  239  ;  figured,  i.  240. 
"  CRkvE-<XEUR,"  a  French  sub-breed  of 

fowls,  i.  241. 
Crisp,  Dr.,  on  the  brains  of  the  hare 

and  rabbit,  i.  132. 
Crocker,  C.  W.,  singular  form  of  Be- 
gorua  frigida,  i.  389,  ii.  150 ;  sterility 
in  Ranunculus  fcaria,  ii.  154. 
Crocus,  ii.  147. 
Cross-breedinq,  permanent  effect  of, 

on  the  female,  i.  436. 
Crossiko,  ii.  62-125, 157-175 ;  a  cause 
of  uniformity,  ii.  62-67,  157  ;  occurs 
in  all  organised  beings,  ii.  67-69 ; 
some  characters  not  blended  bv,  ii. 
67-72,  158;  modifications  and  new 
races  produced  by,  ii.  73-77 ;  causes 
which  check,  ii.  78-87  ;  domestica- 
tion and  cultivation  favourable  to, 
ii.  88-91,  172;  beneficial  effects  of 
ii.  92-112,  158-160;  necessary  iu 
some  plants,  ii.  112-122,  159,  160, 
418 ;  summary  of  subject  of,  ii.  122- 
126;  of  dogs  with  wolves  in  North 
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Danisu  Middens,  remains  of  dogs  in,  i. 
18. 

Dappuxo  in  horses,  asses,  and  hybrids, 
i.  r>8. 

Dar>:stk,  C,  on  the  skull  of  the  Polish 
tow  I,  i.  273 ;  causes  of  variability, 
ii.  257 ;  on  the  prod  action  of  mon- 
strous chickens,  ii.  279 ;  coexistence 
of  anomalies,  ii.  325 ;  production  of 
double  monsters,  ii.  334. 

Darvill,  Mr.,  heredity  of  good  qoalities 
in  horses,  i.  456. 

Darwin,  C,  on  Leptu  tnageUaniau^  i. 
117;  on  the  wild  potato,  i.  349; 
dimorphism  in  the  }K>lyanthus  and 
primrose,  i.  464. 

Darwin,  Dr.,  improvement  of  vegeta- 
bles by  selection,  ii.  189. 

Darwin,  Sir  F.,  wildncss  of  crossed 
pigs,  ii.  19. 

Darwin,  G.,  consanguineous  marriages, 
ii.  U>4. 

D'AtvSO,  monogynous  condition  of  the 
hawthorn  in  Spain,  i.  387.  • 

Ihtmjpi-iH'ta  ajuti^  ii.  135. 

Datk-palm,  varieties  of  the,  ii.  24). 

Jhituniy  ii.  11 ;  variability  in,  ii.  254. 

I)  dura  larvis  and  Mtramoniumy  reversion 
in  hybrids  of,  i.  425. 

Datura  stramonium^  ii.  43. 

DAUiiENTON,  variations  in  the  nomber 
of  mniiimae  in  dogs,  i.  36 ;  proportions 
of  intestines  in  wild  and  domestic 
cats,  i.  50,  it.  292. 

Da L' DIN,  on  white  rabbity  ii.  215. 

Daw,  Dr.,  on  sheep  in  the  West  Indies, 
i.  loj. 

Dawkixs,  W.  Boyd,  history  of  the  dog, 
i.  !.'>;  origin  of  cattle,  i.  85;  early 
domestication  of  Jio$  hnji/rotu  in 
Britain,  fbid, 

pKAF-MiTES,  non-hertdity  in,  i.  465. 

DKAFNL.S8,  inheritance  of,  ii.  55. 

Dkan,  potato-gmfting,  i.  421. 

DhiiV.  wil<l  hybrids  of  common  and 
musk  ducks,  ii.  20. 

Di:  Candolle,  Alph.,  number  and 
origin  of  cultivated  plants,  i.  32.%  324, 
3K5  ;  regions  which  have  furnished 
no  useful  plants,  i.  327  ;  wild  wheat, 
i.  320,  3.'}0 ;  wild  rye  and  oaU,  i.  329 ; 
antiquity  of  varieties  of  wheat,  L  333 ; 
apparent  inefficacy  of  seltctioB  in 
wheat,  i.  335;  origin  and  cultivation 


of  maize,  i.  338,  ii.  321 ;  colours  of 
seeds  of  maize,  i.  339  ;  varieties  and 
origin  of  the  cabbage,  i.  342,  343 ; 
origin  of  the  garden-pea,  i.  345 ;  on 
the  vine,  i.  352,  ii.  298 ;  cultivated 
species  of  the  orange  group,  i.  355 ; 
probable  Chinese  origin  of  the  peach, 
i.  357 ;  on  the  peach  and  nectarine, 
i.  361,  363 ;  varieties  of  the  peach,  i. 
363;  origin  of  the  apricot,  i.  365; 
origin  and  varieties  of  the  plum,  i. 
367 ;  origin  of  the  cherry,  i.  368 ; 
varieties  of  the  gooseberry,  i.  376; 
selection  practised  with  forest-trees, 
i.  384;  wild  fastigate  oak,  i.  385; 
dark-leaved  varieties  of  trees,  i'iid. ; 
conversion  of  stamens  into  pistils  in 
the  poppy,  i.  389  ;  variegated  foliage, 
i.  390 ;  heredity  of  white  hyacinths, 
i.  395,  463 ;  changes  in  oaks  depen- 
dent on  age,  i.  413 ;  inheritance  of 
anomalons  characters,  L  462 ;  varia- 
tion of  plants  in  their  native  countrien, 
ii.  244;  deciduous  bashes  becoming 
evergreen  in  hot  climates,  ii.  295 ; 
antiquity  of  races  of  plants,  ii.  425. 

De  Candolle,  p.,  non- variability  of 
monotypic  genera,  ii.  253;  relative 
development  of  root  and  seed  in 
BapKoMxu  aaUvu$y  ii.  335. 

Decaisne,  on  the  cultivation  of  the 
wild  carrot,  i.  344;  varieties  of  the 
pear,  i.  372  ;  intercrossing  of  straw- 
berries, i.  373  ;  fruit  of  the  apple,  i. 
432  ;  sterility  of  LysimachU  nununU' 
Icuria,  ii.  154;  tender  variety  of  the 
}>each,  ii.  299. 

Dkeb,  assumption  of  horns  by  female, 
ii.  26;  imperfect  development  of 
horns  in  a,  on  a  voyage,  ii.  141. 

Deer,  fallow,  ii.  81. 

Dekriiound,  Scotch,  difierence  in  size 
of  the  sezes  of,  ii.  49  ;  deterioration 
of,  ii.  100. 

DeOENERaTION  of  high-breJ  races, 
under  neglect,  ii.  225. 

Dk  JoNont^  J.,  on  strawberries,  L  374, 
ii.  229;  soft-barked  pears,  ii.  217; 
on  accumulative  variation,  ii.  249; 
resistance  of  blossoms  to  frost,  ii.  297. 

Delamek,  £.  S.,  on  rabbits,  i.  HI, 
116. 

Delphinium  qjacis^  i.  464. 

Mphimum  amtoHAi,  i.  463,  464. 
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DELPINO. 


INDEX. 


DIXON. 


Delpino  on  Pangenesis,  ii.  350,  372. 

Dendrooyqna  viduatc^  ii.  140. 

Denny,  H.,  lice  of  Aperea,  ii.  135. 

Dentition,  variations  of,  in  the  horse, 
i.  52. 

Deodar,  i.  387. 

Dksmauest,  distribution  of  white  on 
dogs,  i.  30 ;  cat  from  the  Cape  of 
Good  Hope,  i.  49 ;  cats  of  Madagascar, 
ibid.;  occurrence  of  striped  young  in 
Turkish  pigs,  i.  80 ;  French  breeds 
of  cattle,  i.  84 ;  horns  of  goats,  i.  106 ; 
on  hornless  goats,  ii.  306. 

Desportes,  number  of  varieties  of 
roses,  i.  391. 

Devay,  Dr.,  singular  case  of  albinism, 
i.  460 ;  on  the  marriage  of  cousins, 
ii.  102;  on  the  effects  of  close  inter- 
breeding, ii.  251. 

Development  and  metamorphosis,  ii. 
383,  384. 

Development,  arrests  of,  ii.  306-310. 

Development,  embryonic,  ii.  361- 
364. 

D'Hervev-Saint-Denys,  L,on  the  Ya- 
mi,  or  imperial  race  of  the  Chinese, 
ii.  189. 

DuoLE,  fertility  of  the,  in  captivity,  ii. 
134. 

Diabetes,  occurrence  of,  in  three  bro- 
thers, i.  460. 

Diantlius^  contabescent  plants  of,  ii. 
149, 150 ;  hybrid  varieties  of,  ii.  255. 

Dianthus  cnnerkk  and  dcltoides^  hybriJs 
of,  ii.  76. 

/'ianthus  barbatus^  i.  406. 

J)ianthus  caryophylhis^  i.  40tJ. 

Dianthus  japoniau,  contabesccncc  of 
female  organs  in,  li.  150. 

I>iap/ieromera  fcmorata^  ii.  359. 

Diciiogamous  plants,  li.  68. 

Dickson,  Mr.,  on  "  running  '*  in  carna- 
nations,  i.  4o7 ;  on  the  colours  of 
tulips,  i.  412. 

Dicotyles  tonfuatus  and  iabiatus^  ii.  130. 

Dieffenuach,  dog  of  New  Zealand,  i. 
26;  feral  cats  in  New  Zealand,  i. 
49;  i)olvdactvlism  in  Polvnesi.i,  i. 
458. 

DieiytrOj  ii.  33, 

Diet,  change  of,  ii.  293,  294. 

IHgitcdiSj  properties  of,  affected  by  cul- 
ture, ii.  264. 

Digits,  supernumerary,  i.  457  ;  analogy 


of,  with  embryonic  conditions,  ii.  1  > ; 
fusion  of,  ii.  334. 

Dimorphic  plants,  iiw  112;  coDdttioiM 
of  reproduction  in,  ii.  165-lti9. 

Dimorphism,  reciprocal,  ii.  68. 

Dingo,  i.  26 ;  variation  of,  in  colour,  L 
28 ;  half-bred,  attempting  to  barrow, 
ibid.;  attraction  of  foxes  by  a  female,* 
i.  32 ;  variations  of,  in  confinemoot, 
ii.  251. 

Diceciousness  of  strawberries,  i.  375. 

Diseases,  inheritance  of,  i.  451,  452; 
inherited  at  corresponding  periods  of 
life,  ii.  53-57  ;  peculiar  to  localities 
and  climates,  ii.  265 ;  obscure  corre- 
lations in,  ii.  325,  326  ;  affecting  cer- 
tain parts  of  the  body,  ii.  374;  oo 
curring  in  alternate  generatioiM,  iu 
396. 

Distemper,  fatal  to  white  terriers,  iL 
213. 

Disuse  and  use  of  parts,  effects  of,  ii. 
285-293,  345,  346,  414,  415;  ia 
the  skeleton  of  rabbits,  i.  129-134; 
in  pigeons,  i.  180-187 ;  in  fowls,  l 
284-288;  in  ducks,  i.  291^-301;  in 
the  silk-moth,  i.  317-321. 

Divergence,  influence  of,  in  prodacing 
breeds  of  pigeons,  i.  230. 

Dixon,  E.  S.,  on  the  musk  duck,  i. 
191;  on  feral  ducks,  i.  200;  oa 
feral  pigeons  in  Norfolk  IsIaaJ, 
ibid. ;  crossing  of  pigeons,  i.  2l»l ; 
origin  of  domestic  fowls,  i.  242; 
crossing  of  Galius  tOHncratii  and 
common  fowl,  i.  245 ;  occur rejuce  of 
white  in  the  young  chicks  of  black 
fowls,  i.  256;  Paduan  fowl  of  Aldro- 
vandi,  i.  259;  peculiarities  of  the 
cfi^f^s  of  fowls,  i.  260  ;  chickens,  t 
261,  2H2;  late  development  of  tht 
tail  in  Cochin  cocks,  i.  263;  comb  of 
lark-crostcJ  fowls,  i.  268 ;  develop- 
ment of  webs  in  Polhh  fowls,  i.  272  : 
on  the  Voice  of  fowls,  ihid. :  origin 
of  the  duck,  i.  291 ;  ducks  kept  by 
the  Komans,  i.  292  ;  dome>ticatioB  of 
the  goose,  i.  302 ;  gander  frequently 
white,  i.  303 ;  breeds  of  turkeys,  i. 
300  ;  incubatory  instinct  of  mongrels 
of  ncn-sitting  races  of  fowls,  ii.  18; 
avoriiion  of  the  dove-cot  pigeon  to 
pair  with  fancy  birds,  ii.  82 ;  fertility 
of  the  goose,  ii.  90 ;  general  sterility 


rrcR.  abharrcDL'c  of  incest 
ihc  Alu|<OD«),  ii.  103. 

t)008,oriKiDof,i,lJ;  iincient  brMils 


Euro, 


i.  18,  19, 


spedet,  of  CaniilE,  I  21 ;  of  Korth 
Amerii^a  compared  with  vokei,  i. 
21,  22)  of  lh«  Wtit  loditi.  South 
AmeriM,  and  JI«ico,  i.  23,  32 ;  of 
Guiaos,  L  23 ;  naked  dog>  of  Pirn- 
fttiay  bdJ  Peru,  24,  31  ;  dumb,  on 
Juan  Fernandei.  i.  27;  of  Juan  da 
Nova,  i.  2t< ;  of  La  Plata,  ibid. ;  of 
Cuba,  ibid.;  of  St.  DomiDgo,  tbU.; 
romlation  of  colour  in.  i.  2P,  23; 

of  diflennt  brftda  of,  i.  31 ;  charac- 
ten  of  diHercnt  breada  of,  diKuwd, 
i.  34-3S;  degeueialion  of  Enropeao, 
in  warm  cliulalai,  i.  37,  39  ;  ii.  267, 
2(>.'>;  liubilitjr  lo  cerlaia  diwaaca  ia 
riilTertnt  bre«d>  of,  i.  37  and  note; 
causu  of  (lifl<r*nc«  cf  breeds  dii- 
cime-l,  i.  39-4^;  catching  fi.h  tnd 
rrab»  in  Xew  Guinea  and  Tierra  del 
i<  feat  id, 

ducinit  dltrnrent  breadi  of;  i.  42,  45 ; 

191;  iDheritaoce  of  poljdactfliaro 
in,  i.  1>49;  feral,  ii.  B;  reTenioD  in 
r..iirlh  (■tniTatiun  of,  ii.  8;  of  the 
I'acillc  Inlands,  ii.  84,  2U5,  393; 
ni<in);rcl,  ii.  711;  com pirati re  facility 
••{  croasinf!  dilTerent   brrcda   of,   ii. 


101,  192;  on- 
ri'Dwinui  leleclion  of,  ii.  19S,  197 ; 
raliiL-d  bj  the  KueKians  ii.  1U»,  200; 
rliiiiaMi  chiDgaa  in  hair  of,  ii.  238; 
l>ri"lucli(Hi  of  drooping  cnra  in,  ii. 
iiH;  rejection  of  bimei  of  ([am*  by , 
li  233  ;  iaheritaac*  of  mdiBHnta  of 
limbi    in,    ii.    306;   deralopment   af 


fillh  to«  in,  ii.  309;  hairleaa,  da- 
liciencj  of  teeth  in,  ii.  313;  ahort- 
fnced,  teeth  of,  ii.  337;  probable 
anatogoui  rariatioa  in,  ii.  341 ;  ei- 
tiaction  of  brceda  of,  ii.  421. 

DoviiiUTN,  II.  II.,  on  the  autiuula,  il 
IJ39. 

DOUESTICATIOK,  essential  pointi  ip,  ii. 
400,  401 ;  fHToarable  to  cnwing,  ii. 
88,  89  ;  fertility  iucreased  by,  ii.  89- 

DOHGBTICATED  animals,  origin  of,  ii. 
144,  14f>;  occnsional  ttarility  of. 
under  changed  canditiena,  ii.  145, 
146. 

DosDEES,  Dr.,  hereditary  hyperme- 
troplB,  i.  433. 

DORKi.iofoH'I.i.  237,274;  furcalumof, 
ilgured,  i.  282. 

[)0R)I0D8B,  ii.  135. 

Double  flowera,  ii.  151, 152, 155,  156  ; 
produced  by  lelection,  ii.  184. 

DouDLEDAT,  H.,  fultivBtlbn  of  the  fil- 
bert pine  strawberry,  i.  376. 

DOUOLAS,  J.,  cToaaing  of  wbila  and 
blacit  game-fowli,  il.  TO. 

DowNiNQ,  Mr.,  wild  rarietiei  of  the 
hickory,  i.  327  ;  poachaa  and  iwc- 
(ariues  from  leed.  i,  31>U,  361 ;  origin 
of  the  Boston  nectarine,  'i.  361 ; 
American  Tarieties  of  the  peach,  i. 
364;  North  American  apricot,  L 
366;  virietJH  of  the  plum,  I.  368; 
origin  and  rarietiaa  of  the  cherry,  i. 
368,  369  ;  "  twin-cluater  pippiua,"  1. 
370;  rarietiaa  of  tbe  apple,  i.  37! ; 
on  strawberrio,  i.  373,  375;  frnit 
of  the  Klld  gooMberry,  i.  378; 
irlTecta  of  grafting  upon  the  seed,  i. 
472;  diiesHs  of  plum  and  peach 
tree,  Ii.  213;  injury  dona  to  itone 
(hiit  in  Amarica  by  the  "  weevil,"  ii. 
217;  graftfof  the  plum  and  peach, 
ii.  247;  wild  varietica  of  pean,  ii. 
248;  rarietiei  of  fruit-trees  luitabU 
to  diflereal  dim 

DOWKINO,   Mr.    J 

Doibifi/lrfilrit^ii.  147. 
Draoon  (pigMin),  i.  146,  149. 
"I>RAlJlvB"(pige«n).  i.  164. 
Dbiniino,  effects  of,  in  differant  cll- 

niatea,  ii.  279. 
DKoaEOABr,  Miecllon  of,  ii.  190. 
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Druce,  Mr.,  inter-brcedinjj,  ii.  99 ;  yalue 
of  cross  breed  of  pigs,  ii.  100. 

Du  CliAiLLU,  fi*uit-trecs  in  West  Africai 
i.  327. 

Duchesne,  on  Fragaria  tcscoy  i.  373, 
375. 

DUFOUR,  Lkon,  on  Cjcidomyia  and  Miso- 
oimpuSf  i.  5. 

Duck,  musk,  retention  of  perching; 
habit  by  the,  i.  191 ;  feral  hybrid  of, 
i.  199. 

Duck,  penguin,  hybrid  of,  with  Egyp- 
tian goose,  ii.  44. 

Duck,  wild,  difficulty  of  rearing,  ii. 
219;  effects  of  domestication  on,  ii. 
267. 

Ducks,  breeds  of,  i.  290,  291 ;  origin  of, 
i.  291 ;  history  of,  ibid.  ;  wild,  easily 
tamed,  i.  292,  293 ;  fertility  of  breeds 
of,  when  crossed,  i.  294 ;  with  the 
plumage  of  Awis  boschas,  ihid. ; 
Malayan  penguin,  identical  in  plum- 
age with  Lnglish,  •6k/.  ;  characters 
of  the  breeds  of,  i.  295-299 ;  eggs  of, 
i.  295 ;  effects  of  use  and  disuse  in, 
i.  299-302,  ii.  28S ;  feral,  in  Nor- 
folk, i.  199  ;  Aylesbury,  ioheritnnco 
of  early  hatching  by,  i.  471 ;  rever- 
sion \x^  produced  by  crossing,  ii.  14 ; 
wildness  of  half-bred  will,  ii.  19; 
hybrids  of,  with  the  mu>k  duck,  ii. 
19,  20;  assumption  of  male  plumage 
by,  ii.  2G  ;  crossing  of  I/ibrador  and 
])€nguin,  ii.  75;  incroasivl  fertility 
of,  by  domestication,  ii.  90 ;  general 
fertility  of,  in  confinement,  ii.  140; 
increase  of  size  of,  by  care  in  brecil- 
ing,  ii.  183;  change  produced  by 
domestication  in,  ii.  250. 

DUMKRII',  Aug.,  breeding  of  Sircdon  in 
the  branchiferous  stage,  ii.  379. 

Dl'N-oolouukd  horses,  origin  of,  i.  61. 

DUREAU  I)K  L.v  Mallc,*  fetal  pigs  in 
I»uisiana,  ii.  7 ;  feral  fowls  in 
Africa,  ihid. ;  bud-variation  in  the 
j)ear,  i.  401  ;  production  <»f  mule? 
among  the  Romans,  ii.  H8. 

Dusicijon  st/lvestris,  i.  2.». 

Dutch  rabbit,  i.  111. 

Dutch  roller  pigeon,  i.  158. 

DUTROCHET,  pclorism  in  the  laburnum, 
ii.  338. 

Duval,  growth  of  pears  in  wrods  in 
France,  ii.  248. 


DUVAL-JOUVE,  on  Leermia  oryxoiit»^  u. 

69. 
DuvERNor,  8elf-impotenc€   in   LCiwm 

oandidumy  ii.  118. 
DziERZOK,  yariabilitj  in  thecbaracten 

and  habits  of  bees,  i.  314. 

Earlr,  Dr.,  on  coIonr-Uindness,  iL  48, 
322. 

Ears,  of  fancy  rabbits,  i.  110;  de- 
ficiency of,  in  breeds  of  rabbits,  i. 
112;  rudimentary,  in  Chinese  sbeep, 
ii.  300 ;  drooping,  iL  291  ;  fosion  U, 
ii.  334. 

Eaton,  J.  M.,  on  fancy  pigeons,  i.  155, 
159;  variability  of  characters  ia 
breeds  of  pigeons,  i.  169 ;  reversioa 
of  crossed  pigeons  to  coloration  jo( 
Culumbj  liviaj  i.  2C8 ;  on  pigvoa- 
fancying,  i.  216,  22.5,  226;  oa 
tumbler-pigeons,  i.  220,  ii.  229: 
carrier-pigeon,  i.  219;  effects  *4 
inter-breeding  on  pigeons,  ii.  1()6; 
properties  of  pigeons,  ii.  182;  death 
of  short-faced  tumblers  in  the  egg, 
ii.  211 ;  Archangel-pigeon,  ii.  226. 

fx'Hi.voDERMATA,  metagenesis  in,  ii.362. 

Ectopistis^  specific  difference  in  nnmber 
of  tail-feathers  in,  i.  167. 

Ectopisiet  miijratoriuSy  sterile  hybrids 
of,  with  Turtur  vu'garisy  i.  203. 

Edknt.kta,  correlation  of  derni.i]  system 
and  teeth  in  the,  ii.  321. 

ElxjEWoiiTH,  Mr.,  use  of  gra&s-seeis  as 
footi  in  the  Punjab,  i.  326. 

EpMO.NS^roN,  Dr.,  on  the  stomach  in 
iMrus  ttrjentatiis  and  the  raren,  iL 
292. 

Edwards  and  Colin,  on  Engli.sh  wheat 
iu  France,  ii.  297. 

Edwards.  W.  F.,  absorption  of  the  mi- 
nor ity  in  crossed  races,  ii.  64. 

Edwards,  W.  W.,  occurrence  of  stripes 
in  a  nearly  thoroughbred  horse,  L 
GO ;  in  foals  of  race-horses,  J.  62. 

E<]r,s,  of  fowls,  characters  of,  i.  2»'0; 
variations  of,  in  ducks,  L  29o;  of  the 
silk-moth,  i.  317. 

^jYit,  ancient  dogs  of,  i.  17,  18  ;  anclcat 
domestication  of  the  pigeon  in,  L  214 ; 
absence  of  the  fowl  in  ancient,  i.  258. 

Egyptian  goose,  hybrids  of,  with  pen- 
guin duck,  i.  296 

Eiirenberg,  Prof.,  mnltiplc  origia  of 
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the  dog,  i.  16  ;  dogs  of  Lower  Egypt, 
i.  'J5 ;  mummies  ot'  FdU  marUciUata, 
1.  4o. 

Elkmlixts  of  the  body,  functional  inde- 
pendence of  the,  ii.  .'^B-l—SGC. 

Elkphant,  its  sterility  in  captivity,  ii. 

i:;2. 

Elk,  Irish,  correlations  in  the,  ii.  327, 
;V28. 

Elliot,  Sir  Walter,  on  cats  in  India,  i. 
46;  on  striped  horses,  i.  01 ;  Indian 
domestic  and  wild  vwine,  i.  70; 
pigeons  from  Cairo  and  Constanti- 
nople, i.  138;  fantail  pigeons,!.  153; 
Lotan  tumbler  pigeons,  i.  158 ;  a 
pigeon  uttering  the  sound  J'oAu,  i. 
16.{ ;  Gaiius  bankiva  in  Pegu,  i.  248. 

Ellis,  Mr.,  varieties  of  cultivated  plants 
in  Tahiti,  ii.  243. 

Elm,  nearly  evergreen  Cornish  variety 
of  the,  i.  38G,  ii.  301  ;  foliage-varieties 
of  th?,  i.  385. 

Elm,  weeping,  i.  385 ;  not  reproduced 
by  seed,  i.  462. 

F.m^teriza  ptiaserina^  ii.  141. 

Emuuvos,  similarity  of,  i.  12;  fusion  ot, 
ii,  333. 

Exgkl,  on  Laurus  sassafras,  ii.  264. 

EN(iLAND,  domestication  of  Bos  longi- 
frons  in,  i.  85 ;  selection  of  horses  in, 
in  me<lia>val  times,  ii.  187 ;  laws 
ngainst  the  early  slaughter  of  rams 
in,  ii.  188. 

EiMiKMEitiD.E,  development  of  the,  ii. 

;;»;i. 

Kpiiicmlnim  cinnnHbarinufn,  i.  431 ;  and 

E.  zdtray  ii.  115. 
EriLKi-SY,  hereditary,  i.  451,  ii.  55. 
J-'tjUHS  burckcliiiy  i.  67. 
K'lUHs  quajga,  i.67. 
Kipi'is  indicuSj  ii.  17,  22. 
K'lUHs  t'rnioptis,  i.  65,  66 f  ii.  16. 
EiiDT,  disease  of  the  white  parts  of  cattle, 

ii.  331. 
EiiiCACL.r.,  frequency  of  contnbesccnce 

in  tiic,  ii.  IVJ. 
EuioiiTiioxius,  an  improver  of  horses 

by  selection,  ii.  186. 
r.K.MAX,   on   the    fat-tailed   Kirghihian 

sh(>ep,  i.  102,  ii.  269  ;  on  the  dogs  of 

the  Ostyaks,  ii.  191. 
r.t'otlinm,  ii.  33. 
h'rift'iriiut  crista-qalli  and  F,  hei'baccaf 

hvbrilsof,  ii.  253. 


Eschschoitzia  califomica,  self-sterile  in 

England,  ii.  118. 
EsQUiLANT,  Mr.,  on  the  naked  young  of 

dun-coloured  pigeons,  i.  180. 
Esquimaux  dogs,  their  resemblance  to 

wolves,  i.  22  ;  selection  of,  ii.  191. 
EsQUiROL,  on  hereditary  insanity,  i.  55. 
Eudf::s-Desi/)XO€UAMPs,  on  appendages 

under  the  jaw  of  pigs,  i.  78. 
Euonymus  japonicus,  i.  407. 
Euphorbi'i  macu'ata,  ii.  275. 
European  cultivated  plants,  still  wild 

in  Europe,  i.  324. 
Evans,   Mr.,   on    the    I^tan    tumbler 

pigeon,  i.  158. 
Evelyn,  pansies  grown  in  hu  garden, 

i.  391. 
Everest,  R.,  on  the  Newfoundland  dog 

in  India,  i.  37,  ii.  295 ;  degeneration 

of  setters  in  India,  i.  39 ;  Indian  wild 

boars,  i.  69. 
Ewes,  hornless,  ii.  343. 
Extinction  of  domestic  races,  i.  232. 
Eyes,  hereditary  peculiarities  of  the,  i. 

452-454;  loss  of,  causing  microph* 

thalmia  in  children,  i.  469 ;  modifica- 
tion of  the  structure  of,  by  natural 

selection,  ii.  207,  208. 
Eyebrows,    hereditary    elongation    of 

hairs  in,  i.  452. 
Eyelids,  inherited  peculiarities  of  the, 

i.  452. 
Eyton,  Mr.,  on  gestation  in  the  dog,  i. 

31 ;  variability  in  number  of  vertebrae 

in  the  pig,  i.  77  ;  individual  sterility, 

ii.  146. 

Faba  vtUgaris,  i.  349. 

Fabre,   observations  on   A^gilops    triti' 

coides,  i.  330. 
Fagus  syltatica^  i.  462. 
Fairweatiier,     Mr.,     production     of 

double  flowers  from  old  seed.  ii.  151. 
Faivrr,  on  the  I'rimula  sinensis,  i.  394, 

ii.  324. 
Fcdco  albiJuSj  resumption  of  young  plu- 
mage by,  in  captivity,  ii.  141, 
Faico  ossi/rajuSy  ii.  215. 
Faico  sufjbuU'o,  copulating  in  captivity, 

ii.  137. 
Faico  tinnunculiu,  breeding  in  captivity, 

ii.  137. 
Falconer,    Dr.,    sterility  of   English 

bulldogs  in  In  lia,  i.  39 ;  resemblance 
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between  FUtatherium  and  Niata  cattk, 
i.  93 ;  selection  of  the  silkworm  in 
India,  i.  317  ;  fastigate  apple-trees  in 
Calcutta,  i.  385;  reproduction  of  a 
supernumeraiy  thamb  after  amputa- 
tion, i.  459  ;  fertility  of  the  dhole  in 
captivity,  ii.  134 ;  fertility  of  English 
dogs  in  India,  ii.  144 ;  sterility  of  the 
tiger  in  captivity,  ii.  133  ;  turkeys  at 
Delhi,  ii.  145 ;  on  Indiaii  cultivated 
plants  ii-  l^^]  Thibet  mostitT  and 
goat,  ii.  268. 

Falcons,  sterility  of,  in  captivity,  ii. 
137. 

Falkland  Islands,  horses  of  the,  i.  55, 
64 ;  feral  pigs  of  the,  i.  80 ;  feral  cattle 
of  the,  i.  86,  90 ;  feral  rabbiU  of  the 
L  116. 

Fallow  deer,  ii.  81,  99. 

Fantail  pigeons,  i.  153-155,  ii.  21?; 
figured,  i.  156  ;  lurculum  of.  figured, 
i.  176;  history  of,  i.  218;  aWnce  of 
oil-gland  in,  ii.  336. 

Faroe  Islands,  pigeons  of  the,  i.  192. 

Fashion,  influence  of,  in  breeding,  ii. 
226. 

Fastigate  trees,  ii.  266,  340. 

Faunas,  geographical  difTerences  of,  i. 
10. 

"  Favourite  "  bull,  ii.  40,  96. 

Featiieiis,  homologous  variation  in,  ii. 
317. 

Feet,  of  pigeons,  individual  differences 
of,  i.  168;  correlations  of  external 
characters  in,  i.  180. 

Feet  and  beak,  currclation  of,  in  pigeons, 
i.  180-18*. 

FELiD.t,  fertilitv  of,  in  cnptivity,  ii. 
133. 

Fell's  biAtstes,  i.  4.'). 

Fdiscijfr.ij  i.  46. 

Fclis  ctii'<juLtta,  i.  45. 

Felt's  ch'ttuty  i.  4.')— 47. 

Felts  jub'ttay  ii.  133. 

Fclis  hjbicj^  i.  46. 

Fclis  m  miatlatii^  i.  45. 

Felis  m<i/Jt</,  i.  47. 

Felis  omit  f,  i.  47. 

Fclis  sylrestriSj  i.  46. 

Felis  tonjuititj  i.  47. 

Female,  afl'ccted  by  male  clement,  ii. 
361,  382. 

Female  florvers,  in  male  panicle  of 
maize,  i.  339. 


Fenx,  Mr.,  grafting  potatoes,  i.  421. 

Fennel,  ItjilLin  variety  of,  i.  344. 

Feral  cats,  i.  49 ;  cattb,  i.  89  ;  rabbits, 
i.  116,  119;  Guinea  fowl,  i.  310;  ani- 
mals and  plants,  reversion  in,  ii.  5,  6, 
22. 

Ferguson,  Mr.,  supposed  plurality  of 
origin  of  domestic  fowls,  i.  243; 
chickens  of  black  game-fowls,  i.  257  ; 
relative  size  of  eggs  of  fowU,  i.  260 ; 
yolk  of  eggs  of  game-fowls,  i.  262 ; 
early  pugnacity  of  game-cocka,  i. 
263 ;  voice  of  the  Malay  fowl,  i.  272  ; 
effects  of  interbreeding  on  fowls,  ii. 
105  ;  selection  in  Cochin-China  fowls, 
ii.  180;  on  fashion  in  poultry,  iL  226. 

Fernandez,  on  Mexican  dogs,  i.  23. 

Ferns,  reproduction  of  abnormal  forms 
of,  by  spores,  i.  408  ;  non-diffusion  of 
cell-gemmules  in,  ii.  373. 

Ferrets,  ii.  90, 134,  190. 

Fertilisation,  artificial,  of  the  St, 
Valery  apple,  i.  371,  372. 

Fertility,  various  degrees  of,  in  sheep, 
i.  101  ;  unlimited  mutual,  of  brectL 
of  pigeons,  i.  201-203;  comparative, 
of  mongrels  and  hybrids,  ii.  78,  79, 
162-165;  influence  of  nourishment 
on,  ii.  89 ;  diminished  by  close  inter- 
breeding, ii.  96,  159;  reduced,  of 
Chillingham  wild  cattle,  ii.  97  ;  of 
domesticated  varieties  when  crossed, 
ii.  173. 

Festucaj  species  of,  propng;ited  by  bulb- 
lets,  ii.  154. 

FiLiJERTS,  spared  by  tomtits,  ii.  216. 

FiLiPri,  on  the  breeding  of  brauchiferooi 
tritons,  ii.  379. 

Finches,  general  sterility  of,  in  cap- 
tivity, ii.  137. 

FiNNiKix  (pigeon),  i.  164. 

FiNOCCiilO,  i.  344. 

Fir,  Scotch,  acclimatisation  of,  ii.  300. 

Fish,  Mr.,  advantage  of  change  of  soil 
to  plunt:<t,  ii.  129. 

FiSHFic,  rogoneration  of  portions  of  6ns 
of,  ii.  15;  variability  of,  when  kept  in 
tanks,  ii.  21«; ;  marine,  living  in  fre«h 
water,  ii.  2'J-l ;  double  monsters  of,  ii. 
333. 

Fi.ssion  anl  gemmation,  ii.  351, 

FrrcH,  Mr.,  persistency  of  a  rarieij  of 
the  pea,  i.  349. 

Fittest,  survival  of  the,  i.  6. 
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FirziNOER,  origin  of  sheep,  i.  98  ;  Afri- 
can ma'uetl  sheep,  i.  100. 

FiTZPATRiCK,  Mr.,  potato-grafting,  i. 
4*21. 

FiXKi>xt:s3  of  character,  conditions  of, 
discussed,  ii.  37-39. 

Flax,  fuund  in  the  Swiss  Inke-dwel lings, 
i.  335  ;  climatal  diS'erence  in  products 
of,  ii.  264. 

FiXLCt:,  fineness  of,  in  Austrian  merinos, 
ii.  181. 

Fleischmann,  on  German  sheep  crossed 
with  merinos,  ii.  Gd. 

"  Florenti.ner-Taube,"  i.  149,  150. 

FixjUNDKR,  ii.  28. 

FiiOi:iti:NS,  crossing  of  wolf  and  dog,  i. 
33  ;  prepotency  of  the  jackal  over  the 
-Jug,  ii.  43 ;  hybrids  of  the  horse  and 
.i:>.s,  ii.  43 ;  breeding  of  monkeys  in 
Europe,  ii.  135. 

FiX)WKii-OARDF:N,  earliest  known,  in 
Europe,  ii.  202. 

FLOWKm;,  capricious  transmission  of 
colour-varieties  in,  i.  463,  464  ;  ten- 
dency to  uniformity  in  strii>cd,  ii.  45 ; 
scorching  of,  dependent  on  colour, 
ii.  214  ;  change  in,  caused  by  condi- 
tions of  life,  ii.  262  ;  rudimentary,  ii. 
307  ;  relative  pobitioa  of,  to  the  axis, 
II.  33^. 

FcKTATioN,  abdominal,  ii.  285. 

FoLKV,  Mr.,  wild  varieties  of  pears,  ii. 

2  ty. 

FoMAGK,  inherited  peculiarities  of,  i. 
385;  variegation  of,  i.  390;  bud- 
variation  in,  i.  407-409. 

Food,  intluouce  of,  on  the  pig,  i.  76 ;  on 
cat t  hi,  i.  04  ;  excess  of,  a  cause  of  va- 
riability, ii.  244. 

Foubf:.s.  D.,  on  Chilian  sheep,  i.  99;  on 
the  norses  of  Spain,  Chili,  and  the 
Pam|)a.H,  i.  54. 

Formic'.i  ru/u^  ii.  238. 

Fortune,  H..  sterility  of  the  sweet 
potato  in  China,  ii.  153  ;  development 
of  axillary  bulb.s  iu  the  yam,  ibki. 

Fowl,  common,  breeds  of,  i.  236-242; 
siippo.scd  plurality  of  origin,  i.  242; 
early  history  of,  i.  243-245;  cau.ses 
of  pHnluction  of  breeds  of,  i.  245; 
origin  of,  from  Oailua  bjnkitMj  i.  247- 
251,257;  feral,  notices  of,  i.  249, 
250  ;  reversion  and  analogous  varia- 
tion  in,   i.   251-258,  ii.    9,    12-14, 


341,343;  "cuckoo"  sub-breeds  of, 
i.  256 ;  history  of,  i.  258-260 ;  struc- 
tural characters  of,  i.  260-262  ;  sex- 
ual peculiarities  of,  i.  263-270,  ii. 
50;  external  differences  of,  i.  270-273; 
differences  of  breeds  of,  from  (7.  bin- 
kicoj  i.  272 ;  osteological  characters 
of,  273-284 ;  effects  of  disuse  of  parts 
in,  i.  284-288,  ii.  288  ;  feral,  i.  199, 
ii.  7  ;  polydactylism  in,  i.  458  ;  fer- 
.  tility  of,  increased  by  domestication, 
ii.  90, 145  ;  sterility  of,  under  cortnin 
condition.^,  ii.  144;  influence  of  selec- 
tion on,  ii.  180,  182,  194;  evils  of 
close  inter-breeding  of,  ii.  104,  105; 
crossing  of,  ii.  73-75;  prepotency 
of  transmission  in,  ii.  42 ;  rudimen- 
tary organs  in,  ii.  306 ;  crossing  of 
non-sitting  varieties  of,  ii.  18, 19 ; 
homology  of  wing  and  leg  feathers 
in,  ii.  315;  hybrids  of,  with  phea- 
sants and  OcUiut  aonneratii,  ii.  20; 
black-skinned,  ii.  194  ;  black,  preyed 
upon  by  the  osprey  in  Ireland,  ii.  215 ; 
five-toed,  mentioned  by  Columella,  ii. 
424;  rumpless,  tailed  chickens  pro- 
duced by,  ii.  4  ;  Dorking,  crosses  of, 
ii.  70 ;  form  of  comb  and  colour  of 
plumage  in,  ii.  224 ;  game,  crossing 
of  white  and  black,  ii.  70;  five- 
spurred,  ii.  386  ;  Spanish,  liable  to 
suffer  from  frost,  ii.  296 ;  Polish, 
peculiarities  of  skull  of,  ii.  326-327. 

Fox,  sterility  of,  in  captivity,  ii.  134. 

Fox,  S.  Bevan,  races  of  bees,  i.  314. 

Fox,  W.  Darwin,  gestation  of  the  dog, 
i.  31  ;  "Negro"  cat,  i.  48 ;  rever- 
sion of  sheep  in  colour,  ii.  3 ;  period 
of  gestation  in  the  pig,  i.  77  ;  young 
of  the  Himalayan  rabbit,  i.  114; 
crossing  of  wild  and  domestic  turkeys, 
i.  308 ;  reversion  in  crosseil  musk 
ducks,  ii.   14 ;  spontaneous  segrega- 


tion of  varieties  of  geeso,  ii.  82; 
effects  of  close  inter-breeding  upon 
blcKxlhounds,  ii.  100 ;  deafness  of 
white  cats  with  blue  eyes,  ii.  322. 

Foxhounds,  i.  42,  ii.  99. 

Fratjaria  chiloensis,  i.  373. 

Froijarui  coiiirutj  i.  373. 

Fnujaria  dioica  of  Duchesne,  i.  375. 

Fratjaria  elatior^  i.  373. 

Fraijaria  grandijlora^  i.  373. 

Fragaria  vc8:af  L  373. 
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Frcujaria  virginianoy  i.  373. 

Frdxinus  cxcehior,  i.  384,  408,  462. 

Frarinus  kntiscifoUay  i.  4G2. 

Frikland  cattle,  probably  descended 
from  Dos  primigenius^  i.  84. 

Frillback  pigeon,  i.  1C3 ;    Indian,  i. 
IGl. 

FriJiijiih  cin\  ii.  1:'»7. 

Fritvjilln  sinnus,  ii.  137. 

KiUZZLED  fowls,  i.  241 ;  horses,  i.  56. 

Frog,  polydactylism  in  the,  i.  458. 

Fruit,  seedless,  ii.  152. 

Fruit-trees,   varieties   of,    occurring 
wild,  i.  327. 

Fry,  Mr.,  on  fertile  hybrid  cats,  i.  46 ; 
on  feral  fowls  in  Ascension,  i.  249. 

Fuchsias,  origin  of,  i.  o88  ;  bud-varia- 
tion in,  i.  407, 

Fuchsia  coccinen  and  fu^ijens^  twin  seed 
produce<i  by  crossing,  i.  426. 

Fueoians,  their  supeKtition  alwut 
killing  young  water-fowl,  i.  327  ; 
selection  of  dogs  by  the,  ii.  191; 
their  comparative  estimation  of  dogs 
and  old  women,  ii.  199 ;  their  power  j 
of  distant  vision,  ii.  208.  ! 

Fungi,  i)arasitic,  ii.  274,  275.  ' 

Fi;R»RiXGEU,  Dr.,  on  nails  of  Saurians,  ! 
ii.  386.  I 

Fc'RCULl.'M,  characters  and  variations  of  | 
the,  in  i»igeons,  i.  176;  alteration  of,  | 
by  disuse,  in  pigeons,  i.  185;  cha- 
racters of,  in  fowls,  i.  282. 

Fusion  of  homologous  parts,  ii.  387. 


Gait,  inheritance  of  peculiarities  of,  i. 
450. 


Galai'AGOS    Archipelago,    its   peculiar 

fauna  and  flora,  i.  9. 
G  tlaMtlim  iutenm,  pelorism  in,  ii   33,  j 

Galls,  ii.  272-274. 

Gall-gnats,  ii.  273. 

Gall-like  excrescences  not  inherited, 

ii.  23. 
Gallinaceous  birds,  restrict-d  range 

of  large,  i.  249  ;  general  fertility  of, 

in  captivity,  ii.  139. 
Gailinula  chion>puSy  ii.  140. 
Gaillnula  ncsiotlSy  i.  302. 
Gallesio,  species  of  oranges,   i.  355- 

.357  ;  hybridisation  of  oranges,  i.  ,357  ; 

I>ersistency  of  races  in  the  peach,  i. 

360;  suppose!  specific  distinctions  of 


peach  and  nectarine,  i.  361 ;  bizzarm 
orange,  i,  417  ;  crossingr  of  red  and 
white  carnations,  i.  426  ;  crtMsiog  o£ 
the  orange  and  lemon,  i.  430,  ii.  3^0 ; 
effect  of  foreign  pollen  on  maize,  I 
130  ;  spontaneous  crossing  oforangw, 
ii.  68;  monstrositic5  a  cause  of  steri- 
lity in  plants,  ii.  150;  seeding  of 
ordinarily  seedless  fruits,  ii.  152;  ste- 
rility of  the  sugsir-cane,  ii.  153;  ten- 
dency of  male  flowers  to  become 
double,  ii.  155;  effects  of  selection  ia 
enlarging  fruit,  &c.,  ii.  202 ;  raria- 
tion  of  the  orange-tree  in  North 
Italy,  ii.  243 ;  nataralisation  of  the 
orange  in  Italy,  ii.  298. 

Gallus  ameuSy  a  hybrid  of  G.  varius  anJ 
the  domestic  fowl,  i.  24'j. 

Gallus  bankivn,  probable  original  of  do- 
mestic fowls,  i.  245,  247-251,  257 ; 
game-fowl,  ne.irest  to,  i.  237  :  cros5«d 
with  G.  sonneratiiy  i.  246  ;  it«  cha- 
racter and  habits,  i.  246,  ii.  88;  dif- 
ferences of  various  breeds  of  (<*%U 
from,  i.  272 ;  occipital  foramen  of, 
figured,  i.  274;  skull  of,  figured,  i. 
275  ;  cervical  vertebra  of,  fig^ured,  i. 
281  ;  furculum  of,  figured,  i.  282 ;  re- 
version to,  in  crossed  fowls,  ii-  13, 14 ; 
hybrid  of,  with  G.  varius,  I.  246,  ii. 
14;  number  of  eggs  of,  ii.  90. 

GaUus  ferrwjincris,  i.  237. 

Gallus  furcahiSf  i.  246. 

Gallus  gigantcusj  i.  246. 

Galhis  sonneratii,  characters  and  habit« 
of,  i.  245 ;  hybrids  of,  i.  24,5,  ii.  20 

Gallus  stanle;/iy  hybrids  of,  i.  246. 

Gallus  temminchiiy  probably  a  hvbri'l, 
i.  246. 

Gallus  variut,  characters  and  habits  of, 
i.  246  :  hvbrids  and  probable  hvbrids 
of,  i.  246." 

G ALTON,  Mr.,  fondness  of  savages  for 
taming  animals,  i.  20,  ii.  144  :  cattle 
of  Benguela,  i.  91  ;  on  hereditary 
tjilent,  i.  451  ;  on  Pangenesis,  ii.  350. 

Gamhikr,  Lord,  his  early  cultivation  of 
the  pansv,  i.  392. 

Game-fowl,  i.  237,  263-265. 

(J APIS,  ii.  213. 

Garcilazo  dk  la  Vr/iA,  annual  hunts  .if 
the  Peruvian  Incas,  ii.  192. 

Garnett,  Mr.,  migratory  propensities 
of  h\  bri  1  ducki,  ii.  20. 
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Carrod,  Dr.,  on  hereditary  gout,  i.  451. 

Gautnkr,  on  the  sterility  of  hybrids,  i. 
201,  ii.  79,  109;  acquired  sterility  of 
varieties  of  plants  when  crossed,  i. 
.>!;^1 ;  sterility  in  transplanted  plants, 
an  I  in  the  lilac  in  Ciermany,  ii.  148 ; 
inutuul  stiM-ility  o(  blue  and  red 
tlowers  of  the  pimpernel,  ii.  173 ; 
supposed  rules  of  transmission  in 
crossing  ]>lants,  ii.  42 ;  on  crossing 
plants,  ii.  7G,  107,  111,  112;  on  re- 
)>eatud  crossing,  ii.  255;  absorption 
uf  one  species  by  another,  when 
crossed,  ii.  65  ;  crossing  of  varieties 
of  the  ]>ea,  i.  428 ;  crossing  maize,  ii. 
82;  crossing  of  species  of  Verbascumj 
ii.  71,  83;  reversion  in  hybrids,  ii. 
0,  2:J,  24;  of  Cercus,  i.  425;  of  Tro- 
pdolum  nuijiis  and  mmu5,  i.  425  ;  va- 
riability of  hybrids,  ii.  253 ;  varia- 
ble hybrids  from  one  variable  parent, 
ii.  258 ;  graft  hybrid  produced  by 
inoculation  in  the  vine,  i.  419 ; 
t'tfoct  produced  by  grafts  on  the  stock 
i.  418,  ii.  207 ;  tendency  of  hybrid 
plants  to  produce  double  flowers,  ii. 
155  ;  production  of  jwrfect  fruit  by 
st«;rilc  hybrids,  ii.  150  ;  sexual  elec- 
tive aHinity,  ii.  104;  self-imjiotence 
in  Lof}eluij  Vcrbi'cwn,  Lilium,  and 
J'assijioniy  ii.  117,  118;  on  the  action 
of  pollen,  ii.  80 ;  fertilisation  of 
J/d/m,  i.  434,  ii.  356 ;  prepotency  of 
p<^llcn,  ii.  171 ;  prepotency  of  trans- 
mission in  species  of  liicotiana,  ii.  43 ; 
bud-variation  in  Pelargonium  zonale^ 
i.  402  ;  in  QJnothera  biennis,  i,  407  ; 
in  Achili(va  millefolium,  i.  440  ;  effect 
of  manure  on  the  fertility  of  plants, 
ii.  147 ;  on  con  tabescence,  ii.  149- 
150;  inheritance  of  plasticity,  ii. 
227  ;  villosity  of  plants,  ii.  267. 

(^iASi'ARixr,  a  genus  of  pumpkins, 
founded  on  stigmatic  characters,  i. 
382. 

(iAL'DiciiAirD,  bud-variation  in  the  pear, 
i.  4ul ;  apple-tree  with  two  kinds  of 
fruit  on  branch,  i.  425. 

(iAV,  on  Fmgaria  grandi flora,  i.  373  ; 
on  Viola  lutea  and  tricoior,  i.  392  ;  on 
the  nectary  of  Viola  grandiflora,  i. 
393. 

<\\YM*y  domesticiition  of  the,  i.  86. 

Uayoi.     Sc€  Moll. 


Geese  (anseres),  general  fertility  of,  in 
captivity,  ii.  140. 

Gemmation  and  fission,  ii.  351. 

Gemmcles,  or  cell-gcmmules,  ii.  370, 
372-377,  380. 

Generation,  alternate,  ii.  354,  363, 
385. 

Generation,  sexual,  ii.  352-357. 

Genet,  fertility  of  the,  in  captivity,  ii. 
134. 

Genius,  inheritance  of,  i.  451. 

Gentiana  anuirdla,  ii.  152. 

Geoffroy  Saint-Hilaire,  production 
of  monstrous  chickens,  ii.  279 ;  **  Loi 
dc  Vaffinit€di  soi  pour  aoi,"  ii.  333; 
compensation  of  growth,  ii.  335. 

Geoffkoy  Saint-Hilaire,  Isid.,  origin 
of  the  dog,  i.  16 ;  barking  of  a  jackal, 
i.  28 ;  period  of  gestation  and  odour  of 
the  jackal,  i.  31 ;  anomalies  in  the 
teeth  of  dogs,  i.  36 ;  variations  in  the 
proiX)rtions  of  dogs,  ibid.;  webbed 
feet  of  Newfoundland  dogs,  i.  41; 
crossing  of  domestic  and  wild  cats,  i. 
40  ;  domestication  of  the  nrni,  i.  83 ; 
supposed  introduction  of  cattle  into 
Kurope  from  the  Kast,  ibtd. ;  absence 
of  interdigital  pits  in  sheep,  i.  99 ; 
origin  of  the  goat,  i.  105  ;•  feral  ge<»se, 
i.  200 ;  anci  nt  historv  of  the  fowl, 
i.  258 ;  skull  of  the  Polish  fowl,  i. 
275 ;  preference  of  the  Romans  for 
the  liver  of  white  geese,  i.  305; 
polydactylism,  i.  457 ;  assumption 
of  male  characters  by  female  bird,  ii. 
26;  transmission  and  blending  of 
characters  in  hybrids,  ii.  72 ;  refusal 
of  animals  to  breed  in  captivity,  ii. 
131;  on  the  Guinea-pig,  ii.  135; 
silkworms  producing  white  cocoons, 
ii.  183  ;  on  the  carp,  ii.  222 ;  on 
Helix  ladea,  ii.  270 ;  on  monstrositie.% 
ii.  241 ;  injury  to  the  embryo  a  cause 
of  monstrosity,  ii.  257  ;  alteration  in 
the  coat  of  horses  in  coal-mines,  ii. 
268 ;  length  of  the  intestines  in  wild 
and  tame  animals,  ii.  292,  293 ;  in- 
heritance of  rudimentary  limbs  in 
the  dog,  ii.  306 ;  correlation  in 
monstrosities,  ii.  312;  supernu- 
merary digits  in  man,  ii.  314;  co- 
existence of  anomalies,  ii.  325 ; 
presence  of  hairs  and  teeth  in 
ovarian   tumours,  ii,  365 ;    develo|H 
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ment  of  teeth  on  the  palate  in  the 
horse,  ii.  375. 

Geographical  diflerenccs  of  faunas,  i. 
10. 

Geological  succession  of  organisms, 
i.  11. 

Gerani'imt  ii.  33. 

Geranium  phaum  and  pyrenaicvm,  ii. 
246. 

Geranium  pratcnse J  i.  404-. 

Gerard,  as>ertfd  climatal  change  in 
Burgundian  bees,  i.  314. 

Gerarde,  on  varieties  of  the  hyacinth, 
i.  394. 

G ERsr acker,  on  hive-bees,  i.  315. 

Gervais,  Prof.,  origin  of  the  dog,  i. 
16;  resemblance  of  dogs  and  jackals, 
i.  25  ;  taming  of  the  jackal,  i.  27 ; 
number  of  teeth  in  dogs,  i.  36 ;  breeds 
of  dogs,  i.  38  ;  on  tertiary  horses,  i. 
53 ;  Biblical!  notices  of  horses,  i.  57  ; 
species  of  OviSy  i.  1»7 ;  wild  and 
domestic  rabbits,  i.  107;  rabbits 
from  Mount  Sinai  and  Algeria,  i. 
109;  earless  rabbits,  i.  112;  batra- 
chia  with  doubled  limbs,  ii.  385. 

Gestation,  period  of,  in  the  dog,  wolf, 
&c.,  i.  30,  31 ;  in  the  pig,  i.  77;  in 
cattle,  i.'  90,  ii.  313;  in  sheep,  i. 
101. 

Gesturf::s,  inheritance  of  peculiarities 
ill,  i.  450. 

"Giioon doors'*  a  sub-breed  of  fowls, 
i.  241. 

Ghor-Khur,  ii.  17. 

Giles,  Wr.,  effect  of  cross-breeding  in 
the  pig,  i.  436. 

GlRAFFi^  co-ordination  of  structure  of, 
ii.  206. 

GiRARD,  perioil  of  ap|)earance  of  perma- 
nent teeth  in  dogs,  i.  36. 

Giraud-Teulon,  cause  of  short  sight, 
i.  453. 

GiROUDE  BuzARKiNGUES,  Inheritance  in 
the  horse,  i.  455 ;  reversion  by  age  in 
cattb',  ii.  12;  prepotency  of  trans- 
mission of  character  in  sheep  and 
rattle,  ii.  41  ;  on  crossing  gourds,  ii. 
86. 

(iiSBURNE,  wild  cattle  at,  i.  88. 

Gladiolus,  i.  388 ;  sulf-impotence  of 
hybrids  of,  ii.  121. 

Oituliolus  coiviiliit  bud- variation  in,  i. 
407. 


Glands,  compensatory  derelopnaeBt  o£t 

it  290. 

Glastonrury  thorn,  i.  387. 

Glenny,  Mr.,  on  the  Cineraria,  ii.  184. 

Gloede,  F„  on  strawberries,  i.  375. 

Gloqer,  on  the  wings  of  ducks,  ii.  288. 

"  Glouqlou  "  (pigeon),  i.  162. 

Gloxinia,  peloric,  i.  389;  ii.  150. 

Gxklin,  on  red  cats,  at  Tobolsk,  i.  49. 

Goat,  i.  105, 106,  ii.  6 ;  po]ydactyli>m 
in  the,  i.  549;  sexual  differences  in 
horns  of,  ii.  49 ;  ralued  by  Sooth 
Africans,  ii.  193;  Thibet,  ii.  268; 
amount  of  milk  and  developmciit  of 
udders  in  the,  ii.  290 ;  hornless,  mdi- 
mentary  bony  cores  io,  ii.  806; 
Angora,  ii.  318. 

Godine,  on  prejwtency  of  transmission, 
ii.  41. 

Godrox,  odour  of  the  hairless  Turkuh 
dog,  i.  31  ;  dilTcrcnces  in  the  skull  of 
dogs,  i.  35;  increase  of  breeds  of 
hor.«es,  i.  53 ;  crossing  of  domestic 
and  wild  swine,  i.  69 ;  on  goats,  i. 
105,  106  ;  colour  of  the  skin  in  fowls 
i.  271;  bees  of  north  and  south  of 
France,  i.  314;  introduction  of  the 
silkworm  into  Europe,  i.  3 1 7  ;  rah- 
ability  in  the  silkworm,  i.  321 ;  sup- 
posed species  of  wheat,  i.  330,  ^V3l ; 
on  yEijiiojs  triticoides,  i.  330;  vari- 
able presence  of  barbs  in  f;ra»ses,  i. 
331 ;  colours  of  the  seeds  of  maize,  i. 
339  ;  unity  of  character  in  cabbages 
i.  342 ;  correlation  of  colour  and 
odour,  i.  343 ;  effect  of  heat  and 
moisture  on  the  cabbage,  ihidU  ;  on 
the  cultivated  species  df  lirassioj,  i. 
344 ;  on  the  Kouncivul  and  sug.ir 
)>cas,  i.  .'i46 ;  variation  in  the  num- 
bers of  peas  in  the  same  pod,  i.  347 ; 
wild  vines  in  Spain,  i.  352 ;  on 
raising  peaches  from  seed,  i.  360; 
supposed  6i>ecitic  distinctness  of  peach 
and  nectarine,  i.  361  ;  nect.nrine  pro- 
ducing poaches,  i.  362;  on  the  flower 
of  Curydalis,  ii.  336 ;  origin  and 
variations  of  the  plum,  i.  367  ;  origin 
of  the  cherry,  i.  368;  rcver»ion  of 
single-leaved  strawberries,  i.  375 ; 
ti ve-leaved  variety  of  Fragaria  collima, 
ibid. ;  supposed  immutability  of 
specitic  characters,  i.  381,  382 ; 
varieties   of  Fobinia,  i.   385  ;    pei- 
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mnneDcj  of  the  simple-leaved  nsh,  i. 
386 ;  non-inheritance  of  certain 
mutilations,  i.  466;  wild  turnips, 
carrots,  and  celery,  ii.  7 ;  peloria,  ii. 
34  ;  prepotency  of  a  goat-like  rnm, 
ii.  41;  benefit  of  change  of  soil  to 
plants,  ii.  128;  fertility  of  peloric 
flowers  of  Con/dalis  solkla^  ii.  150; 
seeding  of  ordinarily  seedless  fruit, 
ii.  152 ;  sexual  sterility  of  plants 
propagated  by  buds,  &c.,  ii.  153 ;  in- 
crease of  sugar  in  beet-root,  ii.  18o  ; 
eH'ects  of  selection  in  enlarging  par- 
ticular parts  of  plants,  ii.  2u2 ; 
growth  of  the  cabbage  in  the  tropics, 
ii.  267 ;  rejection  of  bitter  almonds 
by  mice,  ii.  218;  influence  of  marshy 
pasture  on  the  fleece  of  sheep,  ii.  268  ; 
on  the  ears  of  ancient  Egyptian  pigs, 
ii.  291  ;  primitive  distinctness  of 
species,  ii.  410;  solid-hoofed  swine, 
ii.  424. 

GonTiiK,  on  compensation  of  growth, 
ii.  33.'». 

rJoLD-Fisii,  i.  312,  313,  ii.  222. 

GoMARA,  on  South  American  cats,  i. 
48. 

OoNGORA,  number  of  seeds  in  the,  ii. 
373. 

Goodman,  three-toeJ  cows,  i.  459. 

GoosK,  ancient  domestication  of,  i.  302  ; 
sacred  to  Juno  in  Rome,  t6Kif. ;  inflexi- 
bility of  organisation  of,  i.  303  ;  skull 
perforated  in  tufted,  ibid.;  charac- 
ters of  breeds  and  sub-breeds  of,  i. 
3u3,  301 ;  variety  of,  from  Sebastopol, 
i.  304,  ii.  386 ;  feral,  in  La  Plata,  i. 
109;  Egyptian,  hybrid  of,  with  pen- 
guin duck,  ii.  43 ;  spontaneous 
sej;regation  of  varieties  of,  ii.  82 ; 
fertility  of,  increased  by  domestica- 
tion, ii.  90 ;  decreased  fertility  of,  in 
Boi;nta,  ii.  145;  sterility  of,  in  the 
Philippine  Islands,  ^id, ;  selection 
of,  ii.  188;  white,  preference  of  the 
Romans  for  the  liver  of,  ii.  194 ; 
persistency  of  character  in,  ii.  241 ; 
Egvptian,  change  in  breeding  season 
of,'ii.  294. 

G(X>SKiiKRRY,  i.  376-378;  bud-variation 
in  the,  i.  400;  Whitesmith's,  ii. 
218. 

GorpERT,  on  monstrous  poppies,  ii.  150. 

(lORSK,  P.  H.,  feral  dogs  in  Jamaica,  i. 


28;  feral  pigs  of  Jamaica,  i.  80; 
feral  rabbits  of  Jamaica,  i.  116 ;  on 
Colvmba  leucocephala^  i.  192;  feral 
Guinea  fowl  in  Jamaica,  i.  199 ;  re- 
.production  of  individual  peculiarities 
by  gemmation  in  a  coral,  i.  398 ; 
frequency  of  striped  legs  in  mules, 
ii.  16. 

Gould,  Dr.,  on  hereditary  haemorrhage, 
i.  451. 

Gould,  John,  origin  of  the  turkey,  i. 
308. 

Ooiiira  ooronata  and  VictoricPy  hybrid « 
of,  i.  203,  ii.  138. 

Gourds,  i.  381 ;  crossing  of  varieties  of, 
ii.  86 ;  ancient  Peruvian  variety  of, 
ii.  425. 

Gout,  inheritance  of,  i.  451 ;  period  of 
appearance  of,  ii.  54. 

Graba,  on  the  pigeon  of  the  Faroe 
Islands,  i.  192. 

Grafting,  ii.  129;  effects  cf,  ii.  24C, 
207;  upon  the  stock,  i.  413-422; 
upon  the  variability  of  trees,  ii.  246 ; 
changes  analogous  to  bud-variation 
produced  by,  i.  413,  415. 

Graft-uybrids,  i.  413, 417-422,  ii.  260. 

Grapes,  bud-variation  in,  i.  399 ;  cross 
of  white  and  purple,  i.  419 ;  green, 
liable  to  disease,  ii.^  330;  effect  of 
foreign  pollen  on,  i.  430. 

Grasseis,  seeds  of,  used  as  food  by 
savages,  i.  324-326. 

Gray,  Asa,  superior  wild  varieties  of 
fruit-trees,  i.  327 ;  cultivated  native 
plants  of  North  America,  i.  329,  380 ; 
non-variation  of  weeds,  i.  335 ;  sup- 
posed spontaneous  crossing  of  Cucur- 
bitacesp,  j.  430;  pre-ordination  of 
variation,  ii.  428;  progeny  of  husked 
form  of  maize,  i.  339;  wild  inter- 
mediate forms  of  Ktrawbcrrics,  i.  373. 

Gray,  G.  K.,  on  Columbngi/fnnocyclus,  i. 
193. 

Gray,  J.  E.,  on  Stis  pliciccps,  i.  72  :  on 
a  variety  of  the  gold-fish,  i.  313: 
hybrids  of  the  a.sH  and  zebra,  ii.  !<> 
17;  on  the  breeding  of  animals  at 
Knowsley,  ii.  131 ;  on  the  breeding 
of  birds  in  captivity,  ii.  140. 

Greene,  J.  Rkay,  on  the  development 
of  the  echinodermata,  ii.  362. 

Greenhow,  Mr.,  on  a  Canadian  wcb- 
footed  dog,  i  41. 
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Greening,  Mr.,  experiments  on  Abraxas 
grossulariatoy  ii.  270. 

Gbeoson,  Mr.,  experiments  on  Abraxas 
grossulariataj  ii.  270. 

Grey,  Sir  George,  preservation  of  seed- 
bearing  plants  by  the  Australian  sa- 
vages, i.  327  ;  detestation  of  incest  by 
Australian  savages,  ii.  103. 

Greyhounds,  sculptured  on  Egyptian 
monuments,  and  in  the  Villa  of  Anto- 
ninus, i.  17  ;  modern  breed  of,  i.  43 ; 
crossed  with  the  bulldog,  by  Lord 
Orford,  ii.  73 ;  close  interbreeding  of, 
:i.  100 ;  co-ordination  of  structure 
of,  due  to  selection,  ii.  206,  207  ; 
Italian,  ii.  212. 

Greyness,  inherited  at  corresponding 
periods  of  life,  ii.  53. 

Grieve,  Mr.,  on  early-flowering  dahlias, 
i.  394. 

Grigor,  Mr.,  acclimatisation  of  the 
Scotch  fir,  ii.  300. 

GrOnfjind,  hybrids  of  JEijilops  and 
wheat,  ii.  88. 

Groom-Napier,  C.  0.,  on  the  webbed 
feet  of  the  otter-hound,  i.  41. 

Gros,  on  Pangenesis,  ii.  350. 

"  GROSSt:s-<jORGt:s  "  (jogeons),  i.  143. 

Ground-tumbler,  Indian,  i.  157. 

Grouse,  fertility  of,  in  captivity,  ii. 
139. 

Grus  niontujrcsia,  cinerca,  and  anti<jo)ic, 
ii.  140. 

GUANACOS,  selection  of,  ii.  192. 

GUANS,  general  fertility  of,  in  captivity, 
ii.  139. 

Guelder-rose,  ii.  169. 

Guelderland  fowls,  i.  241. 

Guiana,  selection  of  dogs  by  the  Indians 
of,  ii.  191. 

Guinea  fowl,  i.  310  ;  feral,  in  Ascension 
and  Jamaica,  i.  200,  ii.  7  ;  indirifer- 
ence  of,  to  change  of  climate,  ii.  145. 

Guinea  pig,  i.  467,  ii.  135. 

Guldenstadt,  on  the  jackal,  i.  25. 

Gull,  herring,  breeding  in  confinement, 
ii.  141. 

Gulls,  general  sterility  of,  in  captivity, 
ii.  141. 

Gnhy  sterility  of,  in  captivity,  ii.  134. 

Gunther,  a.,  on  tufted  ducks  and 
geese,  i.  289 ;  on  the  regeneration  of 
lost  parts  in  batrachia,  ii.  358. 

Gl'RNKv,  Mr.,  owls   breeding  in  ca|)- 


tivity,  ii.  137 }  appearance  of**  black- 
shouldered"  among  ordinary  pea- 
cocks, i.  306. 

Habit,  influence  of,  in  acclimatisation, 
ii.  302-305. 

Hackel,  on  flssiparous  reproduction,  iL 
357 ;  on  cells,  ii.  366 ;  on  the  doable 
reproduction  of  meduss,  ii.  .379 ;  oo 
inheritance,  ii.  391. 

Hackles,  peculiarities  of,  in  fowLs  L 
266. 

Hair,  on  the  face,  inheritance  of,  in 
man,  i.  449:  peculiar  lock  of,  in- 
herited, ibid. ;  growth  of,  under 
stimulation  of  skin,  ii.  319;  homo- 
logous variation  of,  ii.  318  ;  develop- 
ment of,  in  the  brain,  ii.  386. 

Hair  and  teeth,  correlation  of,  iL  319- 
321. 

Hairy  family,  corresponding  period  of 
inheritance  in,  ii.  53. 

Half-castes,  character  of,  ii.  21. 

Half-lop  rabbits,  figured  and  describ<^J, 
i.  111,112;  skull  of,  i.  124. 

Uitlicrtus  leuooccpJuxlus,  copulating  in 
captivity,  ii.  137. 

Hallam,  Col.,  on  a  two-legged  race  of 
pigs,  i.  448. 

Hallet,  Major,  selection  in  cereals,  i. 
184 ;  on  pedigree  wheat,  i.  332. 

Hamburgh  fowl,  i.  238,  274;  figure!, 
i.  239. 

Hamilton,  wild  cattle  of,  i.  87. 

Hamilton,  Dr.,  on  the  assumption  of 
male  plumage  by  the  hen  pheasant, 
ii.  26. 

Hamilton,  F.  Buchanan,  on  the  shad- 
dock, i.  355 ;  varieties  of  Indian  culti- 
vated plants,  ii.  243. 

Hancock,  Mr.,  sterility  of  tamed  birJ^ 
ii.  138,  140. 

Handwriting,  inheritance  of  pecu- 
liarities in,  i.  449. 

Hanuer,  Sir  J.,  on  selection  of  flower- 
seeds,  ii.  188. 

Hansell,  Mr.,  inheritance  of  dark  yolk» 
in  duck's  eggs,  i.  295. 

Harcourt,  E.  v.,  on  the  Arab  boar- 
hound,  i.  18;  aversion  of  the  Arahs 
to  dun-coloured  hor»es,  i.  TjS. 

Hardy,  Mr.,  eflect  of  excess  of  nouruNh- 
ment  on  plants,  ii.  244. 

Hare,  hybrids  of,  with  rabbit,  i.  109: 
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sterility  of  the,  in  conBnement,  ii. 
135 ;  preference  of,  for  particular 
plants,  ii.  218. 

IIabe-lip,  inheritance  of,  i.  466. 

Harlan,  Dr.,  on  hereditary  di:»eai>cs,  i. 
451. 

Hartman,  on  the  wild  ass,  i.  65. 

IlARVEr,  Mr., monstrous  red  and  white 
African  bull,  i.  95. 

Harvey,  Prof.,  singular  form  ofBejonia 
frujidaj  i.  389  ;  effects  of  cross-breed- 
ing on  the  female,  i.  436  ;  monstrous 
saxifrage,  ii.  150. 

Hasora  wheat,  i.  331. 

Hautuois  strawberry,  i.  375. 

Hawker,  Col.,  on  call  or  decoy  ducks, 
i.  296. 

Hawthorn,  varieties  of,  i.  385, 387 ;  py- 
ramidal, i.  385 ;  pendulous  hybridised, 
i.  461;  changes  of,  by  age,  i.  387, 
413 ;  bud-variation  in  the,  i.  402 ; 
Hower  buds  of,  attacked  by  bull- 
finches, ii.  217. 

Haves,  Dr.,  character  of  Esquimiiux 
dogs,  i.  22. 

Haywood,  W.,  oi  the  feral  rabbits  of 
Porto  Santo,  i.  117. 

Hazel,  purple-leaved,  i.  385,  419,  ii. 
324. 

Head  of  wild  boar  and  Yorkshire  pig, 
figured,  i.  75. 

Head  and  limbs,  correlated  variability 
of,  ii.  315. 

Headacue,  inheritance  of,  ii.  55. 

Heartsease,  i.  391-393  ;  change  pro- 
duced in  the,  by  transplantation,  i. 
413 ;  reversion  in,  ii.  4,  22  ;  efi'ects  of 
selection  on,  ii.  184;  scorching  of,  ii. 
214;  effects  of  seasonal  conditions  on 
the,  ii.  263 ;  annual  varieties  of  the, 
ii.  295. 

Heat,  effect  of,  upon  the  ffeece  of  sheep, 
i.  102. 

Heber,  Bishop,  on  the  breeding  of  the 
rhinoceros  in  captivity,  ii.  132. 

Hebrides,  cattle  of  the,  i.  84  ;  pigeons 
ofthe,  i.  192. 

Hker,  O.,  on  the  plants  of  the  Swiss 
Uke-dwellings,  i.  326,  ii.  200,  422  ; 
on  the  cereals,  i.  335-337 ;  on  the 
peas,  i.  345 ;  OA  the  vine  growing  in 
Italy  in  the  Bronze  age,  i.  352. 

Hkiuann,  potato-grafting,  i.  422. 

i/dU  UicUa,  ii.  270. 


Hemci-ocallis  fulca  and  flata,  interchang- 
ing by  bud-variation,  i.  412. 

Hemlock,  yields  no  conicine  in  Scotland, 
ii.  264. 

Hemp,  differences  of,  in  various  parts  of 
India,  ii.  148 ;  climatal  difference  in 
products  of,  ii.  264. 

Hkmpseed,  effect  of,  upon  the  colour  of 
birds,  ii.  269. 

Hermaphrodite  flowers,  occurrence  of« 
in  maize,  i.  339. 

Hen,  assumption  of  male  characters  by 
the,  ii.  26,  29  ;  development  of  spurs 
in  the,  ii.  310. 

"  Kennies,'*  or  hen-like  male  fowls,  i. 
264. 

Henry,  T.  A.,  a  variety  of  the  ash  pro- 
duced by  grafting,  i.  418;  crossing 
of  s})ecics  of  HhoduJendron  and  Arabdj 
i.  431. 

Henslow,  Prof.,  individual  variation  in 
wheat,  i.  332 ;  bud- variation  in  the 
Austrian  bramble  rose,  i.  406  ;  partial 
reproduction  of  the  weeping  ash  by 
seed,  i.  462. 

Hepatica,  changed  by  transplantation, 
i.  412. 

Herbert,  Dr.,  variations  of  Vio'a 
grandijioraj  i.  392 ;  bud- variation  in 
camellias,  i.  401  ;  seedlings  from 
reverted  Cytisus  adami,  i.  414; 
crosses  of  Swedish  and  other  turnips, 
ii.  71  ;  on  hollyhocks,  ii.  185;  breed- 
ing of  hybrids,  ii.  112;  self-impotence 
in  hybrid  hippeastrums,  ii.  120, 121 ; 
hybrid  Gladiotus^  ii.  121;  or  Zephyr- 
anthes  Candida,  ii.  147 ;  fertility  of 
the  crocus,  ii.  148  ;  on  uon tabescence, 
ii.  149;  hybrid  lihododendi^n^  ii. 
253. 

Herculaneum,  figure  of  a  pig  found 
in,  i.  71. 

H"ER0N,  Sir  R.,  appearance  of  *'  black- 
shouldered  "  among  ordinary  pea- 
cocks, i.  306, 307  ;  non-inheritance  of 
monstrous  chai'acters  by  gold-fish,  i. 
313;  crossing  of  white  and  coloured 
Angora  rabbits,  ii.  70 ;  crosses  of 
solid-hoofed  pig>'«»  i'jid. 

I/erpcstcs  fascia: wt  aud  griseus,  ii.  134. 

Heusinger,  on  the  sheep  of  the  Taren- 
tino,  ii.  212;  on  correlated  constita- 
tiomil  ]>e('uliaritics,  ii.  331. 

HEWirr,  Mr.,  reversion  in  bantam  cocks. 
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i.  251 ;  degeneration  of  silk  fowls,  i. 
255;  partial  sterility  of  hen-like 
male  fowls,  i.  265 ;  production  of 
tailed  chickens  by  rumpless  fowls,  i* 
271 ;  on  taming  and  rearing  wild 
ducks,  i.  292,  ii.  219,  250  ;  conditions 
of  inheritance  in  laced  Sebright  ban- 
tams, i.  465 ;  reversion  in  rampless 
fowls,  ii.  4;  reversion  in  fowls  by 
age,  ii.  13  ;  hybrids  of  pheasant  and 
fowl,  ii.  19,  43;  assumption  of  male 
characters  by  female  pheasants,  ii. 
26 ;  development  of  latent  characters 
in  a  barren  bantam  hen,  H.  29; 
mongrels  from  the  silk-fowl,  ii.  42 ; 
effects  of  close  inter-breeding  on  fowls, 
ii.  105,  106;  on  feather-legged 
bantams,  ii.  314. 

HiDBERT,  Mr.,  on  the  pigs  of  the  Shet- 
land Islands,  i.  74. 

Hibiscus.     See  Pantiun. 

Highland  cattle,  descendei  from  Bos 
lon/ifrons^  i.  85. 

HiLDEBBAND,  Dr.,  on  graft-hybrids 
with  the  potato,  i.  420 ;  on  the  in- 
fluence of  pollen  on  the  mother-plant, 
i.  430 ;  on  the  fertilisation  of  Orchidoce, 
i.  434,  435 ;  occasional  necessary  cross- 
ing of  plants,  ii.  68 ;  on  seeds  not 
fitted  for  distribution,  i.  330  ;  potato- 
grafting,  i.  420  ;  crossing  of  varieties, 
ii.  83  ;  on  Primula  sinensis  and  OjxUis 
rosea,  ii.  113;  on  Co-ydalii  cattay  ii. 
113,114. 

Hill,  K.,  on  the  Alco,  i.  32;  feral 
rabbits  in  .Jamaica,  i.  116;  feral  peai- 
cocks  in  Jamaica,  i.  200  ;  variation  of 
the  Guinea  fowl  in  Jamaica,  i.  310; 
Rtorility  of  tamed  birds  in  Jamaica, 
ii.  138,  140. 

Himalaya,  range  of  gallinaceous  birds 
in  the,  i.  249. 

Hl-'tfALAVAN  rabbit,  i.  112,  113-115; 
skull  of,  i.  125. 

Himalayan  sheep,  i.  98. 

HiND3JARSir,  Mr.,  on  ChilHngham  cattle, 
i.  88. 

"  Hinkel-Taube,"  i.  149, 150. 

HiNNY  and  mule,  diiference  of,  ii.  43. 

lliffparioriy  anomalous  resemblance  to,  in 
horses,  i.  52. 

ffippeastrum,  hybrids  of,  ii.  120, 121. 

HiVE-BEES,  ancient  domestication  of,  i. 
313;  breeds  of,  i.  314  ;  smaller  when 


produced  in  old  combs,  ibid. ;  varia- 
bility in,  i.  315 ;  crofising  of  Lignrian 
and  common,  ibicL 

HoBBS,  Fisher,  on  interbreeding  pigs,  u. 
100. 

**  Hocker-Taube,"  i.  148. 

HODOKIN,  Dr.,  on  the  attraction  of  foxes 
by  a  female  Dingo,  i.  32 ;  origin  of 
the  Newfoundland  dog,  i.  44;  trans- 
mission of  a  peculiar  lock  of  hair,  i. 
449. 

HoDOflON,  Mr.,  domestication  of  Cmit 
primcnusy  i.  27;  derelopment  of  a 
fifth  digit  in  Thibet  mastiffs,  i.  37 ; 
number  of  ribs  in  hnmped  cattle,  t 
83 ;  on  the  sheep  of  the  Himalaya, 
i.  98 ;  presence  of  four  mammae  in 
sheep,  t.  99;  arched  nose  in  sheep, 
ibid, ;  measurements  of  the  intestiaes 
of  goats,  i.  106;  presence  of  inter- 
digital  pits  in  goats,  ibid, ;  disuse  a 
cause  of  drooping  ears,  ii.  291. 

Hofacker,  persistency  of  coluirr  in 
horses,  i.  53,  i.  464 ;  production  of 
dun  horses  from  parents  of  different 
colours,  i.  62  ;  inheritance  of  {peculi- 
arities in  handwriting,  i.  450 ;  heredity 
in  a  one  horned  stag,  i.  456 ;  on 
consanguineous  marriages,  ii.  103. 

Hoffman,  Prof.,  on  Raphcmusj  i.  345. 

Hoo,  Red  Kivcr,  ii.  133. 

Hooo,  Mr.,  retardation  of  breeding  in 
cows  by  hard  living,  ii.  9l>. 

Holland,  Sir  H.,  necessity  of  in- 
heritance, i.  446;  on  hereditary 
diseases,  i  451 ;  hereditary  pecu- 
liarity in  the  eyelid,  i.  4o2 ;  morbid 
uniformity  in  the  same  family,  i.  459  ; 
transmission  of  hydrocele'  through 
the  female,  ii.  27 ;  inheritance  of 
habits  and  tricks,  ii.  389. 

Holly,  ^-arieties  of  the,  i.  384,  385; 
bud-reverbion  i  n,  i.  409 ;  vello^-- 
berried,  i.  462,  ii.  216. 

Hollyhock,  bud-variation  in,  i.  402; 
non-crossing  of  double  varieties.  nC, 
ii.  85  ;  tender  variety  of  the,  iL 
301. 

Homer,  notice  of  geese,  L  302;  breed- 
ing of  the  horses  of  ifUneas,  ii,  196. 

IIoMOLOtiOUS  parts,  correlated  varia- 
bility of,  ii.  314-325,  346,347; 
fusion  of,  ii.  333;  atHnitv  of,  i'u 
333.  334. 
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QOOFB,  correlated  with  hair  in  varia- 
tion,  ii.  318. 

Hook-Billed  duck,  tkull  figured,  i. 
297. 

Hooker,  Dr.  J.  D.,  forked  shoulder- 
stripe  in  Syrian  asses,  i.  67 ;  voice  of 
the  cock  in  Sikkixn,  i.  272 ;  use  of 
Arum-roots  as  food,  i.  324;  native 
useful  plants  of  Australia,  i.  328 ; 
wild  walnut  of  the  Himalayas,  i. 
379;  variety  of  the  plane-tree,  i. 
386 ;  production  of  Tkuja  orientalis 
from  seeds  of  T.  penduia^  ibid, ; 
singular  form  of  Begonia  frigida,  i. 
389;  reversion  in  plants  run  wild, 
ii.  7  ;  on  the  sugar-cane,  ii.  153 ;  on 
Arctic  plants,  ii.  244;  on  the  oak 
grown  at  the  Cnpe  of  Good  Hope,  ii. 
264 ;  on  Rhododendron  ciliatutn,  ii. 
267  ;  stock  and  mignonette  perennial 
in  Tasmania,  ii.  295. 

HoPKiRK,  Mr.,  bud-variation  in  the 
rose,  i.  406 ;  in  Mirabilis  jalapa^  i. 
407  ;  in  Convoltuus  tricolor^  i.  440. 

Hornbeam,  heterophyllous,  i.  385. 

Horned  fowl,  i.  24 Tj  skull  figured,  i. 
279. 

Hornless  cattle  in  Paraguay,  i.  92. 

Horns  of  sheep,  i.  98 ;  correlation  of, 
with  fleece  in  sheep,  ii.  318 ;  corre- 
lation of,  with  the  skull,  ii.  327 ; 
rudimentary  in  young  polled  cattle, 
ii.  306  ;  of  goats,  i.  1(K>. 

Horses,  in  Swiss  lake-dwellings,  i.  51 ; 
different  breeds  of,  in  Malay  Archi- 
pelago, ihid. ;  anomalies  in  o&teology 
and  dentition  of,  i.  52;  mutual 
fertility  of  different  breeds,  i.  53  ; 
feral,  i.  54;  habit  of  scraping  away 
snow,  i.  56;  mode  of  production  of 
breeds  of,  i.  57 ;  inheritance  and 
diversity  of  colour  in,  i.  58;  dark 
stripes  in,  i.  58-63,  ii.  343 ;  dun- 
coloured,  origin  of,  i.  61 ;  colours  of 
feral,  i.  63,  64 ;  effect  of  fecundation 
by  a  quagga  on  the  subsequent  pro- 
geny of,  i.  435 ;  inheritance  of  pecu- 
liarities in,  i.  454,456  ;  polydactylism 
in,  i.  459 ;  inheritance  of  colour  in, 
i.  465;  inheritance  of  exostoses  in 
legs  of,  i.  469 ;  reversion  in,  ii.  6, 
15;  kybridi  of,  with  ass  and  sebra, 
iL  16 ;  prepotency  of  transmission  in 
the  sexes  oif,  ii.  40 ;  segregation  of, 


in  Paraguay,  ii.  80;  wild  species  of, 
breeding  in  captivity,  ii.  132  ;  curly, 
in  Paraguay,  ii.  189,  318;  selection 
of,  for  triHiog  characters,  ii.  195; 
unconscious  selection  of,  ii.  197, 198  ; 
natural  selection  in  Circassia,  ii.  210 ; 
alteration  of  coat  of,  in  coal-mines, 
ii.  268 ;  degeneration  of,  in  the  Falk- 
land Islands,  ii.  267 ;  diseases  of, 
caused  by  shoeing,  ii.  290;  feeding 
on  meat,  ii.  294 ;  white  and  white- 
spotted,  poisoned  by  mildewed  vetches, 
ii.  331 ;  analogous  variations  in  the 
colour  of,  ii.  341  ;  teeth  developed  on 
palate  of,  ii.  385 ;  of  Bronze  period 
in  Denmark,  ii.  423. 

Horse-chestnl'T,  early,  at  the  Tuileries, 
i.  386  ;  tendency  to  doubleness  in,  ii. 
152. 

HoRSK-RADisii,  general  sterility  of  the, 
ii.  154. 

"HouDAN,"  a  French  sub-breed  of 
fowls,  i.  241. 

Howard,  C,  on  .in  Egyptian  monument, 
i.  17 ;  on  crossing  sheep,  ii.  73, 
99. 

Hue,  on  the  Emperor  Khang-hi,  ii. 
189 ;  Chinese  varieties  of  the  bam- 
boo, ii.  243. 

HiTMUOLDT,  A.,  character  of  the  2^m- 
bos,  ii.  21  ;  parrot  speaking  in  the 
language  of  an  extinct  tribe,  ii,  138; 
on  Pulex  penetrans  ii.  265. 

Humidity,  injurious  effect  of,  upon 
horses,  i.  55. 

Humphreys,  Col.,  on  Ancon  sheep,  i. 
104.' 

Hungarian  cattle,  i.  84. 

Hunter,  John,  period  of  gestation  in 
the  dog,  i.  30 ;  on  secondary  sexual 
characters,  i.  188 ;  fertile  crossing 
of  Anser  ferns  and  the  domestic 
goose,  i.  S03;  inheritance  of  pecu- 
liarities in  ge!»tures,  voice,  &c.,  i.  450  ; 
assumption  of  male  characters  by 
the  human  female,  ii.  26 ;  period  of 
appearance  of  hereditary  diseases,  ii. 
54  ;  graft  of  the  spur  of  a  cock  upon 
its  comb,  ii.  286 ;  on  the  stomach  of 
Larus  iridentatus^  ii.  292. 

Hunter,  W.,  evidence  against  the  in- 
fluence of  imagination  upon  the 
offspring,  ii.  251. 

Hutu,  Mr.,  close  interbreeding  of  rabbiU 
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ii.    100 ;    consanguineous  marriages, 
103. 

HuTTON,  Capt.,  on  the  variability  of 
the  silk  moth,  i.  320 ;  on  the  number 
of  species  of  silkworms,  i.  316; 
markings  of  silkworms,  i.  318;  do- 
mestication of  the  rock-pigeon  in 
India,  i.  194;  domestication  and 
crossing  of  G alius  bankicOj  i.  248 ; 
reversion  in  goats  from  a  cross,  ii. 
19. 

Hutchinson,  Col.,  liability  of  dogs  to 
distemper,  i.  37. 

Huxley,  Prof.,  on  the  transmission  of 
polydnctylism,  i.  457 ;  on  unconscious 
selection,  ii.  178;  on  correlation  in 
the  mollusca,  ii.  312;  on  gemmation 
and  fission,  ii.  3r>l ;  development  of 
star-fishes,  ii.  362. 

HvACiNTHS,  i.  394-39G ;  bud-variation 
in,  i.  411 ;  graft -hybrid  by  union  of 
half  bulbs  of,  i.  419 ;  white,  repro- 
duced by  seed,  i.  463;  red,  ii.  215, 
330 ;  varieties  of,  recognisable  bv 
the  bulb,  ii.  238. 

Hyacinth,  feather,  ii.  169,  306. 

J/yacinthtts  oricntalis^  i.  394. 

Hybiscus  si/ruicus^  ii.  277. 

HviJRiDS,  of  hare  and  rabbit,  i.  109; 
of  various  species  of  GaUus,  i.  245- 
248  ;  of  almond,  peach,  and  nectarine, 
i.  359  ;  naturally  proiluced,  of  species 
(if  Cy^^iM,  i.  413  ;  from  twin-seed  of 
Fuc/isia  coivincn  and  ftUifcns^  i.  426 ; 
niversion  of.  i.  425,  426,  ii.  9,22-24; 
from  mare,  ass,  and  zebra,  ii.  16  ;  of 
tame  animals,  wildncss  of,  ii.  19,  20; 
female  instincts  of  sterile  male,  ii. 
27  ;  transmission  and  blending  of 
characters  in,  ii.  69-73;  breed  better 
with  parent  species  than  with  each 
other,  ii.  112;  Relf-im|>otcnce  in,  ii. 
119-121;  readily  pro«iuced  in  cap- 
tivity, ii.  133. 

Hybridisation',  singular  effects  of,  in 
oranges,  i.  357 ;  of  cherries,  i.  369 ; 
difficulty  of,  in  CucwrbUa:^  i.  381  ; 
of  rt>ses,  i.  390. 

Hybridism,  ii.  162-165;  the  cause  of 
a  tendency  to  double  flowers,  ii.  156 ; 
in  relation  to  Pangenesis,  ii.  381. 

Hybridity  in  cats,  i.  46,  47  ;  suppose  1, 
of  |>each  and  nectarine,  i.  363. 

IJydra,  i.  398,  ii.  283,  352. 


Htdraxoea,  colour  of  flowers  cf,  i&- 

flaenced  by  alnm,  ii.  267. 
Hydrocele,  ii.  27. 
Hydrocephalus,  ii.  285. 
Hypericum  oalycinum^  ii.  154. 
Hypericum  crispuniy  ti.  212,  .*i31. 
Hypermetamorphosis,  iL  363. 
Hypermetropia,  hereditary,  i.  452. 

ICHTHYOPTERYGIA,  Dumber  of  digits 
in  the,  ii.  16. 

Hex  aquifolituny  i.  462. 

Imagination,  supposed  effect  of,  (•n 
offspring,  it.  251. 

Tinatophyllum  miMatum,  bud-variatiim 
in,  i.  411. 

Incest,  abhorred  by  savages,  ii.  103. 

Incudation,  by  crossed  fowls  of  non- 
sitting  varieties,  it.  18. 

India,  striped  horses  of,  i.  61 ;  pigs  of, 
i.  69,  80 ;  breeding  of  rabbits  in.  l 
116;  cultivation  of  pigeons  in,  t. 
215. 

Individual  variabilitv  in  pigeons,  i. 
166-168. 

Ingledew,  Mr.,  cultivation  of  Euro- 
pean vegetables  in  India,  ii.  153. 

"INDISCHE  Taube,"  i.  151. 

Inheritance,  i.  445-473,  ii.  366-3'V.», 
396;  doubts  entertamed  of,  by 
some  writers,  i.  446  ;  importance  of, 
to  breeders,  i.  446,  447  ;  evidence  of. 
derived  from  statistics  of  chancvs.  i. 
449 ;  of  peculiarities  in  man,  i.  449- 
451,  457-460 ;  of  disease,  i.  451,  45i. 
460  ;  of  peculiarities  in  the  eye,  i.  452- 
454;  of  deviations  from  symmetrr. 
i.  457  ;  of  jiolyd.ictylism,  i.  457-46" »; 
capriciousness  of,  i.  460— 465  ;  of  muti- 
lations, i.  466 ;  of  congenital  monstn^ 
sities,  ibid.;  causes  of  absence  of,  i.  467- 
472  ;  by  reversion  or  atavism,  ii.  1- 
36 ;  its  connection  with  fixedness  o{ 
character,  ii.  37-39  ;  affected  by  pre- 
potency of  transmission  of  character, 
ii.  40-47  ;  limited  by  sex,  ii.  47-51 ;  at 
corresponding  periods  of  life,  ii.  51- 
67  ;  summary  of  the  subject  of,  ii.  57- 
61 ;  laws  of,  the  same  in  seminal  anl 
bud  varieties,  i.  442 ;  of  characters 
in  the  horse,  i.  53  ;  in  cattle,  i.  90 ; 
in  rabbits,  i.  11 1  ;  in  the  peach,  i.  Ii6<) ; 
in  the  nectarine.  Aid.;  in  plums,  i. 
368;    in    apple>,    i.   372;    in   |«ear>. 
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AkL ;  in  the  pansy,  i.  393;  of  pri- 
mary characters  of  Coiumba  iicia  in 
crossed  pigeons,  i.  211;  of  pecu- 
liarities of  plumage  in  pigeons,  i.  169, 
170;  of  peculiarities  of  foliage  in 
trees,  i.  385;  effects  of,  in  varieties 
of  the  cabbage,  i.  344. 

Insanity,  inheritance  of,  i.  451,  ii. 
55. 

iNSi-xrrs,  regeneration  of  lost  parts  in,  i. 
358f  ii.  284  f  agency  of,  in  fecundation 
of  larkspurs,  i.  464  ;  eflect  of  changed 
conditions  upon,  ii.  141 ;  sterile 
neuter,  ii.  171 ;  monstrosities  in,  ii. 
257,  385 

Instincts,  defective,  of  silkworms,  i. 
320. 

Interbreeding,  close,  ill  effects  of,  ii. 
92-111,  150. 

Intercrossing,  of  species,  as  a  cause  of 
variation,  i.  197;  natural^  of  plants, 
i.  356;  of  species  of  (Janidae  and 
breeds  of  dogs,  i.  32-(34 ;  of  domestic 
and  wild  o»i»^  i.  46,  47  ;  of  breeds  of 
pigs,  i.  74,  81  ;  of  cattle,  i.  86;  of 
varieties  of  cabbage,  i.  343 ;  of  pe.'vs, 
i.  345,  348,  349;  of  varieties  of 
orange,  i.  357 ;  of  species  of  straw- 
berries, i.  373,  374 ;  of  Cucurbitcp,  i. 
380,  381 ;  of  flowering  plant<«,  i.  388 ; 
of  pansies,  i.  392. 

Interdioital  pits,  in  goats,  i.  106. 

Intermarriages,  close,  ii.  102,  103. 

IntI':stines,  elongation  of,  in  pigs,  i. 
77 ;  relative  measurement  of  parts 
of,  in  goats,  i.  106 ;  effects  of  changed 
diet  on,  ii.  292. 

Iponura  purpurea^  ii.  108. 

Ireland,  remains  of  L'os  frontusm  aul 
lorufifrona  fouQd  in,  i.  85. 

Iris,  hereditary  absence  of  the,  i.  454  ; 
hereditary  peculiarities  of  colour  of 
the,  ihi-L  ;  variation  of,  i.  412. 

//*w  xiphium^  i.  412. 

Irish,  ancient,  selection  practised  by 
the,  ii.  187. 

Iron  period,  in  Europe,  dog  of,  i.  18. 

Islands,  oceanic,  scarcity,  of  useful 
planta  on,  i.  328. 

IsLAY,  pigeons  of,  i.  193. 

IsOLATlo.v,  effect  of,  in  favour  of  noIcc- 
tion,  ii.  219,  220. 

Italy,  vine-growing  in,  during  the 
Bronze  period,  i.  352. 


Ivy,  sterility  of,  in  the  norl  h  of  Europe, 
ii.  154. 

Jack,  Mr.,  effect  of  foreign  pollen  on 
grapes,  i.  430. 

Jackal,  i.  25,  28,  31 ;  hybrids  of,  with 
the  dog,  i.  33 ;  prepotency  of,  over 
tho  dog,  ii.  43. 

Jackson,  Mr.,  white  footed  cats,  ii. 
316. 

Jacobin  pigeon,  i.  161,  218. 

Jaoquemet-Bonnefort,  on  the  mul- 
berry, i.  354. 

Jaeger,  Prof.,  on  reversion  in  pigs, 
from  a  cross,  ii.  17;  white  pigeons 
killed  by  hawks,  ii.  215. 

Jaguar,  with  crooked  legs,  i.  17. 

Jamaica,  feral  dogs  of,  i.  28;  feral 
pigs  of,  i.  80;  feral  rabbits  of,  i.  116. 

Jameson,  Mr.,  on  hybrid  potatoes,  i. 
421. 

Japan,  horses  of,  i.  56. 

Japanese  pig  (figured),  i.  72. 

Jardine,  Sir  W.,  crossing  of  domestic 
and  wild  cats,  i.  46. 

Jarvls,  J.,  silkworm  in  the  Sandwich 
Islands,  i.  318. 

Java,  funtail  pigeon  in,  i.  155. 

Javanese  ponies,  i.  56,  61. 

Jeitteles,  history  of  the  dog,  i.  15 ; 
history  of  the  fowl,  i.  258;  Hun- 
garian sheep-dogs,  i.  24;  crossing  of 
domestic  and  wild  cats,  i.  46. 

Jemmy  Bftton,  i.  326. 

Jenyns,  L.,  whiteness  <.f  ganders,  i. 
^3;  sunfish-like  variety  of  the 
p)ldfish,  i.  313. 

Jerdon,  J.  C,  number  of  eggs  laid  by 
the  pea-hen,  ii.  191 ;  origin  of 
domestic  fowl,  i.  248. 

Jersey,  aborescent  cabbnges  of,  i.  341. 
;  Jessamine,  i.  418. 

Jesse,  G.  U.,  on  the  bulldog,  i.  44. 

John,  Kinc:,  importation  of  stallions 
from  Flanders  by,  ii.  187. 

Johnson,  1>.,  occurrence  of  stripes  on 
young  wild  pigs  in  India,  i.  80. 

Jordan,  A.,  ou  Vihcrt's  eipcriments  on 
the  vine,  i.  352 ;  origin  of  varieties 
of  the  Hpple,  i.  372 ;  varieties  of 
))ears  found  wiM  in  woods,  ii.  247. 

Joi'RDAN,  parthenogenesis  in  the  silk- 
moth,  ii.  357. 

JrAN  DL  Nova,  wild  di»gs  on,  i.  27. 
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Juan  Febnandez,  damb  dogs  on,  i.  27. 

Juglans  regia,  i.  379. 

Jukes,  Prof.,  origin  of  the  Newfound- 
land dog,  i.  44. 

lULlEN,  Stanislas,  early  domestication 
of  pigs  in  China,  i.  71 ;  antiquity  of 
the  domestication  of  the  silkworm  in 
China,  i.  316. 

Jumpers,  a  breed  of  fowls,  i.  241. 

Juniper,  variations  of  the,  i.  385,  387. 

Jwiiperus  suecicOj  i.  385. 

Jussiwa  grandiflorOy  ii.  154. 

JussiEU,  A.  de,  htructure  of  the  ])appus 
m  Carthamus,  ii.  307. 

Kail,  Scotch,  reversion  in,  ii.  5. 

Kales,  i.  341. 

"  Kau-par  "  pigeon,  i.  149. 

Kalm,  p.,  on  maize,  i.  340,  ii.  298 ;  in- 
troduction of  wheat  into  Canada,  i. 
333 ;  sterility  of  trees  growing  in 
marshes  nnd  dense  woods,  ii.  154. 

»*Kalmi  Lotas"  tumbler  pigeon,  i. 
157. 

Kane,  Dr.,  on  E^iuimaux  dogs,  i.  22. 

Karakool  sheep,  i.  102. 

Karkeek,  on  inheritance  in  the  horse, 
i.  455. 

"  Kaiuieliten  Taubc,"  i.  164. 

Karsten  on  Puicx  penetrans,  ii.  265. 

Katt\'War  horses,  i.  61. 

Keeley,  R.,  pelorism  in  Oalcobdolon 
lutcumy  ii.  33. 

Keuner,  on  the  culture  of  Alpine 
plants,  ii.  147;  dcHnite  action  of 
conditions,  ii.  271.  ja 

Khstrel,  breeding  in  captivity,  ii.  To7. 

*'  Khaxdesi,"  i.  147. 

Khaxg-hi,  selection  of  a  variety  of  rice 
by,  ii.  189. 

Kiano,  ii.  17. 

KiDD,  on  the  canary-bird,  i.  311,  ii.  53. 

KiDNEV  bean,  i.  396;  varieties  of,  ii. 
243,  265. 

Kidneys,  compensatory  development 
of  the,  ii.  290;  shape  of,  in  birds 
influenced  by  the  form  of  the  pelvis, 
ii.  336. 

Kino,  Col,,  domestication  of  rock  doves 
from  the  Orkneys,  i.  193,  194. 

Kino,  Dr.,  on  Paritiumj  i.  402. 

King,  P.  P.,  on  the  dingo,  i.  21,  28. 

Kirby  and  Spencc,  on  the  growth  of 
g;ill5,  ii.  273. 


KiRGHisiAN  sheep,  i.  102. 

Kite,  breeding  in  captiritj,  ii.  137. 

Kleine,  variability  of  beo,  i.  314. 

Knight,  Andrew,  on  croAsing  borsnof 
different  breeds,  i.  53 ;  crossing  varie- 
ties of  peas,  i.  345,  ii.  110;  persis- 
tency of  varieties  of  peas,  i.  34^; 
origin  of  the  peach,  i.  357 ;  hytHidi- 
sation  of  the  morel lo  by  the  Dtoa 
cherry,  i.  368 ;  on  seedling  cherries, 
i.  369;  variety  of  the  apple  not 
attacked  by  coccus,  i.  371 ;  intercross- 
ing of  strawberries,  i.  373, 374 ;  brcMd 
variety  of  the  cock's-comb,  i.  389; 
bud  variation  in  the  cherry  and 
plam,  i.  399 ;  crossing  of  white  aad 
purple  grapes,  i.  419;  experimeots 
in  crossing  apples,  i.  433,  ii.  110; 
hereditary  disease  in  plants,  i.  455 ; 
on  interbreeding,  ii.  95;  croniti 
varieties  of  wheat,  ii.  110;  necessity 
of  intercrossing  in  plants,  ii.  159; 
on  variation,  ii.  243,  244 ;  effects  of 
grafting,  i.  413,  ii.  267  ;  bud-varia- 
tion in  a  plum,  ii.  281 ;  correlated 
variation  of  head  and  limbs,  315. 

Knox,  Mr.,  breeding  of  the  eagle  owl 
in  captivity,  ii.  137. 

Koch,  degeneracv  in  the  turnip,  i. 
344. 

Kohlrabi,  i.  342. 

KoLREUTER,  reversion  in  hybrids,  i. 
425,  ii.  9;  acquired  sterility  of 
crossed  varieties  of  planta,  i.  381, 
ii.  79;  absorption  of  Mircdnlis  rul- 
gnris  by  M.  longifiorxt,  ii.  65  ;  crosses 
of  species  of  Verhasctun^  ii.  71,  85; 
on  the  hollyhock,  ii.  85;  crossing 
varieties  of  tobacco,  ii.  87  ;  benefits 
of  crossing  plants,  iiw  110,  111,  159, 
160;  solt-impotence  in  VerbascHm,  i. 
118,  122;  effects  of  conditions  of 
growth  upon  fertility  in  MirabH%$^  iu 
147  ;  great  development  of  tuben 
in  hybrid  plants,  ii.  156 ;  inheritance 
cf  plasticity,  ii.  227  ;  variability  of 
hybrids  of  MirabUiSy  ii.  253;  repeated 
crossing  a  cause  of  variation,  ii.  254, 
256  ;  number  of  pollen-grains  neces- 
sary for  fertilisation,  ii.  356. 

"  Krauseschwein,**  i.  70. 

Krohn,  on  the  double  reproduction  of 
Medus«,  ii.  379. 

"  Kropf-Tauden,"  i.  143. 
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Labat,  on  the  tusks  of  feral  boars  in 

the  West  Indies,  i.  180 ;   on  French 

wheat  grown  in  the  West  Indies,  ii. 

297 ;  on  the  culture  of  the  vine  in 

the  West  Indies,  ii.  298. 
Laditrnum,  Adam's,  see  Cytisus  adami; 

oak -leaved,  reversion  of,  i.  408 ;  pelo- 

rism  in  the,  ii.  338;  Waterer's,  i.  416. 
Lachmanx,  on  gemmation  and  fission, 

ii.  351. 
Lachnanthes  tinctoria,  ii.  212,  330. 
Lactation,    imi)erfect,    hereditary,   i. 

452 ;    deficient,  of  wild  animals  in 

captivity,  ii.  142. 
Ladroxe  Islands,  cattle  of,  i.  89. 
La  Gasca,  Prof.,  individual  variation  in 

wheat,  i.  332. 
Laino,  Mr.,  resemblance  of  Norwegian 

and  Devonshire  cattle,  i.  85. 
LAKf:-DW£LUN08,   sheep  of,  i.  98,  ii. 

423 ;    cattle   of,    if/id, ;    absence    of 

the  fowl  in,  i.  258;  cultivated  plants 

of,  i.  337,  ii.  423,  424 ;  cereals  of,  i. 

335-337;    peas    found    in,   i.   345; 

beans  found  in,  i.  349. 
Lamare-piqcot,  observations  on  half- 
bred  North  American  wolves,  i.  22. 
Lambert,  A.  B.,  on  Thuja  penduia  or 

Jiiiformis,  i.  386. 
IjlMDERT  family,  i.  448,  ii.  53. 
Lambertye,  on   strawberries,    i.    373, 

374  ;  five-leaved  variety  of  Fragaria 

coliinay  i.  375. 
Lakdt,    L.,   on    sheep    in    the    Faroe 

Islands,  ii.  81. 
Laxkester,  Ray,  on  longevity,  ii.  376. 
La  Plata,  wild  dogs  of,  i.  28;   feral 

cat  from,  i.  49. 
Ijlrch,  ii.  301. 
Larkspurs,  insect  agency  necessary  fur 

the  full  fecundation  of,  i.  464. 
Lams  argentatuSf  ii.  141,  292. 
Lams  tridactyltUf  ii.  292. 
Lactcrye,   merino  sheep   in   different 

countries,  i.  103. 
Latent  characters,  ii.  25-31. 
Latham,  on  the  fowl  not  breeding  in 

the  extreme  north,  ii.  144. 
LathjruSj  ii.  11. 
Lathyrua  apKaoa,  ii.  33.'). 
Lathyrus  odoratus,  i.  426,  463,  ii.  68, 7 1 , 

302. 
La  Touciie,  J.  D.,  on  a  Canadian  apple 

with  dimidiate  fruit,  i.  425,  426. 


"  Latz-Taube,"  i.  162. 

Laugher  pigeon,  i.  163,  217. 

Laurus  sassafraSf  ii.  264, 

Lawrence,  J.,  production  of  a  new 
breed  of  foxhounds,  i.  42  ;  occurrence 
of  canines  in  mares,  i.  52 ;  on  three- 
parts-bred  horses,  i.  57 ;  on  inheri- 
tance in  the  horse,  i.  454,  455. 

Lawson,  Mr.,  varieties  of  the  potato,  i. 
350. 

Laxton,  Mr.,  bud-variation  in  the 
gooseberry,  i.  400;  crossing  of 
varieties  of  the  j)ea,  i.  428,  429 ; 
weakness  of  transmission  in  peas,  ii. 
42  ;  double-flowered  peas,  ii.  152. 

Layard,  E.  L.,  resemblance  of  a  Caffre 
dog  to  the  H^uimaux  breed,  i.  26,  ii. 
276 ;  crossing  of  the  domestic  cat 
with  Fciis  caffrOj  i.  46  ;  feral  pigeons 
in  Ascension,  i.  200 ;  domestic  pigeons 
of  Ceylon,  i.  215;  on  G alius  Stanley iy 
i.  246  ;  on  black-skinned  Ceylonesc 
fowls,  i.  269. 

Le  Compth  family,  blindness  inherited 
in,  ii.  54. 

Lecoq,  bud-variation  in  Mirahilis jalapa^ 
i.  407 ;  hybrids  of  Mirabilis,  i.  426, 
ii.  153,  253;  crossing  in  plants,  ii. 
108;  fecundation  of /^tMSi^ora,  ii.  118; 
hybrid  Gladiolus^  ii.  121 ;  sterility  of 
L'anunculus  f  carta,  ii.  154 ;  villosity  in 
plants,  ii.  267  ;  double  astcr.s,  ii.  307. 

Lk  Couteur,  J.,  varieties  of  wheat,  i. 
331-334 ;  acclimatisation  of  exotic 
wheat  in  Europe,  i.  333 ;  adaptation 
^  wheat  to  soil  and  climate,  i'fid. ; 
selection  of  seed-corn,  i.  335 ;  evil  from 
inter-breeding,  ii.  101 ;  on  change  of 
soil,  ii.  129;  selection  of  wheat,  ii. 
184;  natural  selection  in  wheat,  ii. 
218  ;  cattle  of  Jersev,  ii.  220. 

Ledger,  Mr.,  on  the  llama  and  alpaca, 
ii.  193. 

Lee,  Mr.,  his  early  culture  of  ihc  pan^v, 
i.  391. 

LiiersM  oryzoiile.iy  ii.  60. 

Lefoi'R,  peri(Kl  of  gestation  in  cattle,  i. 
90. 

Legrain,  falsified  experiments  of,  ii.lOO. 

Legs,  of  fowls,  eflects  of  disuse  on,  i. 
284—287 ;  characters  and  variations 
of,  in  ducks,  ii.  299-302. 

Leguat,  cattle  of  the  Cape  of  (looy 
Hope,  i.  91. 
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Lehman  NT,  occurrence  of  wildixlouble- 

flourered  plants  near  a  hot  spring,  ii. 

152. 
LEiGitTON,    W.   A.,   propagation   of  a 

weeping  yew  by  seed,  i.  461. 
Leitxer,  efi'ccts  of  removal  of  anthers, 

ii.  151. 
Lemming,  ii.  135. 
Lemoine,  variegated    Symphjium  and 

Phlox,  i.  410. 
Lemon,  i.  355,  356  ;  orange  fecundated 

by  pollen  of  the,  i.  430. 
Lemurs,  hybrid,  ii.  136. 
Leporides,  ii.  135. 
Lepsius,  figures  of  ancient   Fgyptian 

dogs,  i.  IV  ;  domestication  of  pigeons 

in  ancient  Kgypt,  214.     , 
Lepus  glaciaits,  i.  116. 
Lepus  mageUaniciiSj  i.  117. 
Lepus  ni'jripes,  i.  113. 
Lepus  tibetanuSf  i.  116. 
Lepus  variabiliSj  i.  1 15. 
Lerebouixet,  double  monsters  of  Hshes, 

ii.  333. 
Leslie,  on  Scotch  wild  cattle,  i.  88. 
Lesson  A,  on   re-growth,    ii.    358 ;    on 

Lepus  nuujellanicu^f  i.  117. 
LErnDRiDGi:,  previous  impregnation,  i. 

435. 
LeuckarV,  ou  the  larva  of  Cccidomyidae, 

ii.  353. 
Lewes,  G.  H.,  on  Pangenesis,  ii.  350. 
Lewis,  G.,  cattle  of  the  West  Indies,  ii. 

214. 
LiiERBETTE   and   Quatrefrtges,   on    the 

horses  of  Circassia,  ii.  80,  210. 
Lichens,  sterility  in,  ii.  155. 
LiCHENSTEiN,   resemblance   of   Bosjes- 

nian's  dogs  to  Canis  mcsoniclas^  i.  26  ; 

Newfoundland   dog   at  the   Cape   of 

Good  Hope,  i.  37. 
LlEitiG,  differences  in  human  blood,  ac- 
cording to  complexion,  ii.  265. 
LiEBREiCH,  occurrence   of  pigmentary 

retinitis  in  deaf-mutes,  it.  322. 
Lilacs,  ii.  148. 

LiLiACEiC,  contabescence  in,  ii.  140. 
Lilium  bulbifeniin  and  davuricumy  i.  451. 
Lilium  camiidumy  ii.  118. 
LiMUS,  regeneration  of,  ii.  370. 
LlMi«  and  head,  correlated  variation  of, 

ii.  315. 
Lime,  effect  of,  ujwn  shells  of  the  mol- 

lusca,  ii.  270. 


Lime-tbee,  changes  of,  by  a^,  L  387- 
413. 

Limitation,  sexual,  ii.  47-51. 

Limitation,  supposed,  of  rariatioo,  iL 
412. 

Linariay  pelorism  in,  ii.  32,  35,38;  pe- 
loric,  crossed  with  the  normal  form, 
ii.  46 ;  sterility  of,  ii.  150. 

Linarin  vulgar  a  and  purpurea,  hvbrids 
of,  ii.  72. 

LiNDEMUTH,  potato-grafting,  i.  422. 

Lindlet,  John,  classification  of  varie- 
ties of  cabbages,  i.  342  ;  origin  of  tke 
peach,  i.  357 ;  influence  of  soil  oa 
peaches  and  nectarines,  i.  360 ;  varie- 
ties of  the  peach  and  nectarine,  L 
364;  on  the  New  Town  pippin,  i. 
370;  freedom  of  the  Winter  Hajetia 
apple  from  coccus,  ibid. ;  proilnctina 
of  moncecious  Hautbois  strawberri<s 
by  bud-selection,  i.  375 ;  origin  &f 
the  large  tawny  nectarine,  L  399; 
bud-variation  in  the  gooseberry,  i. 
400;  hereditary  disease  in  plants  i. 
455;  on  double  flowers,  ii.  151; 
seeding  of  ortiinarily  seedless  fruits, 
ii.  152  ;  sterility  of  Acorus  caloJim^ 
ii.  154  ;  resistance  of  individual  plants 
to  cold,  ii.  299. 

LiNXiErs,  summer  and  winter  wheat 
regarded  as  distinct  species  by,  i. 
333 ;  on  the  single-leaved  straw- 
berry, i.  375;  sterility  of  Alpine 
plants  in  gardens,  ii.  147  ;  recognition 
of  individual  reindeer  by  the  Lap- 
landers, ii.  238;  growth  of  tobacco 
in  Sweden,  ii.  298. 

Linnet,  ii.  141. 

Linota  canncAina,  ii.  141. 

Linuniy  ii.  149. 

Lion,  fertility  of,  in  captivity,  ii.  13:1, 
134. 

LiPARl,  feral  rabbits  of,  i.  118. 

Livingstone,  Dr.,  striped  young  pig* 
on  the  Zambesi,  i.  80 ;  domestic  rab- 
bits at  Loanda,  i.  116;  use  of  grax^ 
seeds  as  food  in  Africa,  i.  326 ;  plaoi- 
ing  of  fruit-trees  by  the  Baiokas,  i. 
326;  character  of  half-castes,  ii.  21; 
taming  of  animab  among  the  Baroti^^^, 
ii.  144;  selection  practi;»ed  in  South 
Africa,  ii.  191,  194. 

Livingstone,  Mr.,  disuse  a  cansr  of 
drooping  ears,  ii.  291. 
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lozAROS,  reproduction  of  tail  in,  ii.  234.  | 

1.LAMA,  selection  of,  ii.  102. 

Lloyd,  Mr.,  taming  of  the  wolf,  i.  27; 
English  dogs  in  northern  Europe,  i. 
37 ;  fertility  of  the  goose  increased 
by  domestication,  i.  303 ;  number  of 
egfi;ii  luid  by  the  wild  goose,  ii.  91 ; 
breeding  of  the  capercailzie  in  cap- 
tivity, ii.  139. 

LOANDA,  domestic  rabbits  at,  i.  IIG. 

Jjoasa^  hybrid  of  two  species  of,  ii.  76. 

Jxibeiia,  reversion  in  hybrids  of,  i.  425  ; 
contabescence  in,  ii.  149. 

Ziohdia  fuigenSf  cardinal is^  and  st/pMit' 
ticOy  ii.  117. 

LOCKHABT,  Dr.,  on  Chinese  pigeons,  i. 
21(>. 

Locust-tree,  ii.  264. 

Ix>iSELEUR-D£SL0\GCirAMr8,  origi  nals 
of  cultivated  plants,  i.  324;  Mon- 
golian varieties  of  wheat,  i.  331  ; 
characters  of  the  ear  in  wheat,  HjkL  ; 
acclimatisation  of  exotic  wheat  in 
Europe,  i.  332;  effect  of  change  of 
climate  on  wheat,  i.  334 ;  on  the  sup- 
posed necessity  of  the  coincident 
variation  of  weeds  and  cultivated 
plants,  i.  335 ;  advantage  of  change 
of  soil  to  plants,  ii.  128. 

Loiium  temulcntuiny  variable  presence 
of  barbs  in,  i.  331. 

LONQ-TAILED  sheep,  i.  98. 

LoocHOO  Islands,  horses  of,  i.  56. 

Lord,  J.  K.,  on  Canis  latrans^  i.  22. 

"  LoRi  rajah,"  how  produced,  i.  269. 

Lorius  garrultu,  ii.  269. 

**  LoTAN  "  tumbler  pigeon,  i.  157. 

IX)UDOX,  J.  W.,  varieties  of  the  carrot, 
i.  345 ;  short  duration  of  varieties  of 
peas,  i.  348 ;  on  the  glands  of  peach- 
leaves,  i.  364 ;  presence  of  bloom  on 
Russian  apples,  i.  370;  origin  of 
varieties  of  the  apple,  L  372;  varie- 
ties of  the  gooseberry,  i.  376;  on 
the  nut  tree,  i.  379  ;  varieties  of  the 
ash,  i.  384;  fustigate  juniper  (J. 
succica)j  i.  385;  on  Hex  aquifolium 
fcroXy  ibid. ;  varieties  of  the  Scotch 
tir,  i.  386,  387  ;  varieties  of  the 
hawthorn,  i.  387 ;  variation  in  the 
persistency  of  leaves  on  the  elm  and 
Turkish  oak,  i.  386;  importance  of 
cultivated  varieties,  i.  387  ;  varieties 
of  Rosa  spinosiBsimaj  i.  39 1  ;  variation 


of  dahlias  from  the  same  seed,  i.  394 ; 
production  of  Provence  roses  from 
seeds  of  the  moss  rose,  i.  405 ;  effect 
of  grafting  the  purple-leaved  upon 
the  common  hazel,  i.  419;  inter- 
crossing melons,  ii.  110;  nearly 
evergreen  Cornish  variety  of  the  elm, 
ii.  301. 

Low,   O.,   on  the  pigs  of  the  Orkney 
Islands,  i.  74. 

Low,  Prof.,  pedigrees  of  greyhounds,  i. 
447 ;  origin  of  the  dog,  i.  16 ;  bur- 
rowing instinct  of  a  half-bred  dingo, 
i.  28;  inheritance  of  qualities  in 
horses,  i.  53 ;  comparative  powers  of 
English  race>horses,  Arabs,  &c.,  i.  57 ; 
British  breeds  of  cattle,  i.  83;  wild 
cattle  of  Chartley,  i.  88;  effect  of 
abundance  of  food  on  the  size  of 
cattle,  i.  95  ;  effects  of  climate  on  the 
skin  of  cattle,  i.  96,  ii.  319  ;  on  inter- 
breeding, ii.  95 ;  selection  in  Hereford* 
cattle,  ii.  199 ;  formation  of  new 
breeds,  ii.  231 ;  on  "  sheeted  "  cattle, 
ii.  341. 

Lowe,  Mr.,  on  hive  bees,  i.  316. 

Lowe,  Rev.  Mr.,  on  the  range  of  Pi/rus 
maius  and  P,  accrba,  i.  370. 

LowxE,  Mr.,  monsters,  ii.  333;  on 
gemmules,  ii.  372. 

"  Ix)WTUN  *'  tumbler  pigeon,  i.  157. 

Loxia  pyrrhutoy  ii.  1 37. 

Lubbock,  Sir  J.,  developments  of  the 
Ephemerido;,  ii.  361. 

Lucas,  P.,  effects  of  cross-breeding  on 
the  female,  i.  436 ;  hereditary  diseases, 
i.  451,  ii.  54,  55 ;  hereditary  affections 
of  the  eye,  i.  453, 454 ;  inheritance  of 
anomalies  fn  the  human  eye  and  in 
that  of  the  horse,  i.  454 ;  inheritance 
of  polydactylism,  i.  458 ;  morbid 
uniformity  in  the  same  family,  i. 
459;  inheritance  of  mutilations,  i. 
469 ;  persistency  of  cross-reversion, 
ii.  9 ;  persistency  of  character  in 
breeds  of  animals  in  wild  countries, 
ii.  39 ;  prepotency  of  transmission,  ii. 
40,  44;  supposed  rules  of  trans- 
mission in  crossing  animals,  ii.  44 ; 
sexual  limitations  of  transmission  of 
peculiarities,  ii.  48,  49 ;  absorption  of 
the  minority  in  crossed  races,  ii.  65 ; 
crosses  without  blending  of  cf.rtain 
characters,  ii.  69 ;  on  interbreeding. 
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ii.  95;  rariabilitj  dependent  on  re- 

prodaction,  it  237 ;  period  of  action 

of  rariabilitj,  ii.  247 ;  inheritance  of 

deafness  in  cats,  ii.  322 ;  complexion 

and  constitution,  ii.  329. 
LuCAZE  •  DuTiiiKBS,      stmcture      and 

growth  of  galls,  ii.  272-274. 
I.UCAEi.  Prof.,  on  the  masked  pig,  L  72 ; 

on  pigs,  ii.  289. 
Ll'IZET,  grafting  of  a  peach-almonl  on 

a  peach,  i.  359. 
LCtke,  cats  of  the  Caroline  Archipelago, 

1.49. 
Luxuriance,  of  vegetative  organs,  a 

cause  of  sterility-  in  plants,  ii.  152, 

155. 
Lyoxxet,  on  the  scission  of  Aa/s,  iL  351. 
Lysimachki  nwnmnlctfia,  sterility  of,  ii. 

154. 
Lythrum^  trimorphic  species  of,  ii.  394. 
Lf/thrum  saiicariOj  ii.  106 ;  contabescence 

in,  ii.  149. 
fA/tta  resicjtoriaj  affecting  the  kidneys, 

ii.  373, 

Maca-nuf^  sjK?cies  of,  breJ  in  captivity, 

ii.  135. 
Macaulay,  Lord,  improvement  of  the 

English  ho^^e,  ii.  197. 
M'Clellaxd,  Dr.,  variability  of  frej»h- 

water  fishes  in  India,  ii.  246. 
M'Cov,  Prof.,  on  the  dingo,  i,  26. 
Macfavdkn,  influence  of  soil   in  pro- 
ducing sweet  or  bitter  oranges  from 

the  siime  seed,  i.  355. 
Macgillivrav,  domestication    of   the 

rock-dove,  i.   194;    feral   pigeons   in 

Scotland,  i.  200 ;  number  of  vertebrnc 

in    birds,    i.    280;  on   wild    geese,   i. 

302  ;  number  of  eggs  of  wild  and  tame 

ducks,  ii.  91. 
Mackenzie,  Sir  G..  iK?cuIiar  variety  of 

the  potato,  i.  350, 
Mackenzie,  P.,  bud-variation    in    the 

currant,  i.  400. 
3IaCKINN0N,  Mr,,  horses  of  the  Falkland 

Islands,    i.    55 ;    feral    cattle    of   the 

Falkland  Islands,  i,  89. 
Mac  Knight,  C,  on  interbreeding  cattle, 

ii.  9G. 
MacNab,    Mr.,    on    seedling    weeping 

birches,    i.    401;    non-pro<lnction    of 

the  weeping  beech  by  seed.  i.  462. 
Madagascar,  cats  of,  i.  49. 


Madden,  H.,  on  interbreediBf  cattk, 

iL96. 

Madeira,  rock  pigeon  of,  i.  193. 

Jf'ignofia  gramiiiont,  iL  299. 

Maonl*s,  Herr,  on  potato-grafting,  L 
422  ;  on  graft-hrbrida,  i.  423. 424. 

Maize,  its  unitr  of  origin,  i.  33d ;  anti- 
quity of,  ibid. ;  with  husked  grains 
said  to  grow  wild.  ibkL  ;  rariatioa  of, 
i.  239 ;  irregularities  in  the  flowen 
of,  i.  339 ;  persistence  of  rarieiieis 
ibid.;  adaptation  of,  to  climate,  t. 
340,  ii.  297  ;  accIimatisaUon  of,  ii. 
304,  339  ;  crossing  of,  t  430,  iL  82, 
83  ;  extinct  Peruvian  varieties  ot,  vl 
421. 

Malay  fowl,  i.  237. 

Malay  Archipelago,  horses  ol^  L  5<>: 
short-tailed  cats  of.  i.  49;  stripe>i 
joung  wild  pigs  of,  i.  80 ;  docks  of, 
i.  294. 

Male,  influence  of,  on  the  fecundate! 
female,  i.  428-437  ;  supposed  indnencc 
of,  on  olfspring,  ii.  44. 

Male  flowers,  appearance  of.  amoc^ 
female  tlowers  in  maize,  L  339. 

Malformations,  hereditary,  ii.  55. 

Malingie-Xouel,  on  sheep.  L  l'-^; 
cross-breeding  sheep,  ii.  45;  English 
sheep  in  France,  ii.  220. 

Malm,  eyes  of  tlat  fish,  iL  28. 

i/o/ra,  fertilisation  of,  i.  434,  iL  35*j. 

Mainestra  sttasii,  ii.  141. 

Mamm.f.,  variable  in  number  in  the  pif. 
L  77 ;  rudimentary,  occasional  full 
development  of,  in  cows,  L  91,  ii. 
309 ;  four  present  in  some  sheep,  i. 
99;  variable  in  number  in  rabbits. 
L  110;  latent  functions  of,  in  male 
animals,  ii.  27,  309. 

Mangles,  Mr,,  annual  varielies  of  the 
heartsease,  ii,  295. 

Man tegazz A,  abnormal  growth  of  spur 
of  cock,  ii.  365  ;  on  Pangenesis,  ii. 
371. 

Mantell,  ^Ir,,  taming  of  birds  by  the 
Xew  Zealanders,  ii.  144. 

Manu,  domestic  fowl  noticed  in  the  In- 
stitutes of,  L  258. 

Manure,  effect  of,  on  the  fertility  of 
plants,  ii.  147. 

Manx  cats,  L  48,  ii.  41. 

Marcel  de  Serres,  ferti'.itr  of  the  os- 
trich, ii.  140. 
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Mahias^XE  Islands,  varieties  of  Pan- 
danus  in,  ii.  243. 

Markhasi,  Gcrvase,  on  rabbits,  i.  108, 
ii.  188. 

Markhor,  probably  one  of  the  parents 
of  the  goat,  i.  105. 

Makquaxd,  cattle  of  the  Channel 
Islands,  i.  84. 

Maerimpoky,  inheritance  in  the  horse, 
i.  45^. 

Marrow,  reget-ible,  i.  380. 

M  arryatt,  Capt.,  breeding  of  asses  in 
Kentucky,  ii.  223. 

Majiso£X,  notice  of  Gallia  gijunteus,  i. 
246. 

Marshall,  Dr.  W.,  on  Gall  is  sonncratiiy 
i.  245. 

Marshall,  Mr.,  voluntary  selection  of 
pasture  by  sheep,  i.  100 ;  adaptation 
of  wheats  to  soil  and  climate,  i.  334  ; 
**  Dutch-buf.ocked "  cattle,  i.  452; 
S'sgregation  of  herds  of  sheep,  ii.  81 ; 
mlvantage  of  change  of  soil  to  wheat 
iind  potatoes,  ii.  128;  fashionable 
change  in  the  horns  of  cattle,  ii.  195 ; 
bheep  in  Yorkshire,  ii.  221. 

>rART£N8,  £.  VON,  on  Acha'inclla,  ii. 
28. 

Martin,  W.  C.  L.,  origin  of  theMog,  i. 
16;- Egyptian  dogs,  i.  18;  barking  of 
a  Mackenzie  River  dog,  i.  27  ;  African 
hounds  in  the  Tower  menagerie,  i. 
Ii3  ;  on  dun  horses  and  dappled  assc9, 
i.  58 ;  breeds  of  the  horse,  i.  51 ;  wild 
horses,  i.  53;  Syrian  breeds  of  nsses, 
I.  65 ;  asses  without  stripes,  i.  66 ; 
cfiects  of  cross-breeding  on  the  female 
in  dogs,  i.  436 ;  striped  legs  of  mules, 
ii.  16. 

Martins,  defective  instincts  of  silk- 
-worms,  i.  321. 

Martil'S,  C,  fruit-trees  of  Stockholm, 
ii.  297. 

Mason,  W..  bud-variation  in  the  a>h,  t. 
408. 

M4\STERJ%  Dr.,  on  bud-variation  and 
re  version,  i.  403;  potato-grafting, 
i.  421 ;  on  pollen  within  ovules,  ii. 
387 ;  reversion  in  the  spiral-leaved 
weeping  willow,  i.  408 ;  on  peloric 
lowers,  ii.  32 ;  on  OpujUia^  ii.  274 ; 
]telorism  in  a  clover,  ii.  338 ;  position 
a*  a  cause  of  pelorism,  ii.  3.38,  339. 

Masters,  Mr.,  |»er8istence  of  varieties 


of  peas,  i.  348 ;  reproduction  of  colour 
in  hyacinths,  i.  463;  on  hollyhocks, 
ii.  85 ;  selection  of  peas  for  seed,  ii. 
184;  on  Hibiscus  syriacus^  ii.  276  ;  re- 
version by  the  terminal  pea  in  the 
pod,  ii.  340. 

Mastiff,  sculptured  on  an  Assyrian 
monument,  i.  17,  ii.  424 ;  Tibetan,  i. 
37,  ii.  268. 

Matthews,  Patrick,  on  forest  trees,  ii. 
223. 

Matthiola  annua,  i.  429,  463,  ii.  71. 

Matthida  incana,  i.  407,  429. 

Mauchamp  merino  sheep,  i.  104. 

Mauouyt,  crossing  of  wolves  ^nd  dogs 
in  the  Pyrenees,  i.  24. 

Maund,  Mr.,  crossed  varieties  of  wheat, 
ii.  110. 

Maupeutuis,  axiom  of  "  least  action,** 
i.  13. 

Mauritius,  importation  of  goats  into, 
i.  105. 

Maw,  G.,  effects  of  change  of  climate, 
ii.  300 ;  correlation  of  contract tnl 
leaves  and  flowers  in  pelargoniums, 
ii.  324,  325. 

Maw^z,  fertility  of  Brassica  rapa,  ii.  148. 

MaxdlariOj  self-fertilised  capsules  of,  ii. 
114. 

Miixillaria  atrO'rubens,  Tertili&ation  of, 
by  M.  squalenSy  ii.  1 14. 

Maxiuowicz,  direct  action  of  pollen,  i. 
431. 

Mayers,  on  gold-fish  in  Chin:),  i.  312. 

Mayes,  M.,  self-impotence  in  Am'jryHis, 
ii.  120. 

Meckel,  on  the  number  of  digits  i. 
458  ;  correlation  of  abnormal  muscles 
in  the  leg  and  arm,  ii.  314. 

MEDUSiE,  development  of,  ii.  364,  379. 

Meehan,  Mr.,  weeping  peach,  i.  461 ; 
etfects  of  parasites  i>.  275  ;  compari- 
son of  European  and  American  trees, 
ii.  270. 

McU'S  taxuSy  ii.  134. 

Melons,  i.  383,  384 ;  mongrel  suppostsl 
to  be  produced  from  a  twin-seed,  i. 
427  ;  cros>ing  of  varieties  of,  i.  430, 
ii.  86,  109 ;  inferiority  of,  in  Roman 
times  >>•  200 ;  changes  in,  by  culture 
and  climate,  ii.  264  ;  ser{>ent,  correla- 
tion of  variations  in,  ii.  324;  analo- 
gous variations  in,  ii.  341. 

Memurani^s,  false,  ii.  284,  2S5. 
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M]£NETRIB8,  on  the  stomach  of  Sirix 
graliariOy  ii.  292. 

Mexinoitis,  tubercular,  inherited,  ii.  55. 

Merrick,  potato-grafting,  i.  422. 

Metagenesis,  ii.  362. 

Mf-JTAMORPiiosis,  ii.  3G2. 

Metamorphosis  and  development,  ii. 
383,  384. 

Metzqer,  on  the  supposed  species  of 
wheat,  i.  329,  330 ;  tendency  of  wheat 
to  vary,  i.  332 ;  variation  of  maize,  i. 
339,  340;  cultivation  of  American 
maize  in  Europe,  i.  340,  ii.  339 ;  on 
cabbages,  i.  341-344 ;  acclimatisation 
of  Spanish  wheat  in  Germany,  i.  472  ; 
advantage  of  change  of  soil  to  plants, 
ii.  128;  on  rye,  ii.  241 ;  cultivation 
of  different  kinds  of  wheat,  ii.  248. 

Mexico,  dog  from,  with  tan  spots  on 
the  eyes,  i.  29  ;  colours  of  feral  horses 
in,  i.  64. 

Meyen,  on  seeding  of  bananas,  ii.  152. 

Mice,  grey  and  white,  colours  of,  not 
blended  by  crossing,  ii.  70 ;  rejection 
of  bitter  almonds  bv,  ii.  218;  naked, 
ii.  268. 

Miciiaux,  F.,  roan-coloured  feral  horses 
of  Mexico,  i.  64 ;  origin  of  domestic 
turkey,  i.  308 ;  on  raising  peaches 
from  seed,  i.  360. 

Michel,  F,,  selection  of  horses  in  mediae- 
val times,  ii.  1 87  ;  horses  preferred 
on  account  of  slight  characters,  ii. 
194-. 

MiCHKLV,  effeots  of  food  on  caterpillars, 
ii.  270 ;  on  B  jiiibyx  hfspents,  ii.  3'29. 

Microphthalmia,  associated  with  de- 
fective teeth,  ii.  3"21. 

Minnr:ss,  Danish,  remains  of  dogs  in,  i. 
18,  ii.  423. 

MlGN'ONLTTK,  ii.  223,  301. 

Millet,  i.  006. 

Mills,  J.,  diminished  fertility  of  mnres 

when   first  turnel  out    to    grass,  ii. 

14:). 
Miln'k-Edwauds,  on   the   development 

of  the  (Tustacea,  ii.  .'5(53. 
Miln'K-Kdwards   a.,  «>n   a  crustacean 

with    a    mon>trous    eve-peduncle,  ii. 

385. 
Milvits  nijei\  ii.  137. 
Jfimulus  iuteus,  ii.  1 00. 
Minor,  W.  C,  gemmation  and  ri>sion  in 

annelids,  ii.  351. 


MircAUiSy  fertilisation  of,  ii.  356;  hvbriJs 
of,  ii.  HI,  153,253. 

Mirabilis  jalapa,  i.  407,  426. 

MinihUis  lonffiflom,  ii.  65. 

Mirabiiis  vubjaris^  ii.  65. 

Misoccunpus  and  Cecidom'/ia,  i.  5. 

Mitchell,  Dr.,  effects  of  the  poi^n  of 
the  rattlesnake,  ii.  279. 

MiTFORD,  Mr.,  notice  of  the  breeding  of 
horses  by  Erichthoniua,  ii.  Ib6. 

MiVART,  Mr.,  rudimentary  organs,  iL 
308. 

MooCAS  Court,  weeping  oak  at,  i.  461. 

MOQFORD,  horses  poisoned  by  fool*s  par- 
sley, ii.  331. 

MoLLER,  L.,  effects  of  food  on  insects, 
ii.  270. 

Mole,  white,  ii.  326. 

MoLL  and  Gayot,  on  cattle,  i.  84,  ii.  74, 
195. 

MOLLUSCA,  change  in  shells  of,  ii.  270. 

MoNKE,  Lady,  culture  of  the  {lansv  bv. 
i.  391. 

Monkeys,  rarely  fertile  in  captivity, 
ii.  135. 

Monnier,  identity  of  summer  an  I 
winter  wheat,  i.  333. 

Monsters,  double,  ii.  333,  334. 

Monstrosities,  occurrence  of,  in  d<»- 
roesticated  animals  and  cnltivatrj 
plants,  i.  389,  ii.  241  ;  due  to  |<«>r- 
sistence  of  embryonic  cunJiti<«n's 
ii.  31  ;  occurring  by  rcver<.ion,  ii. 
31-34  ;  a  cause  of  sterility,  ii.  l.'iU, 
151  ;  caused  by  injurv  to  the  embrvo, 
ii.  257. 

Moor,  J.  H.,  deterioration  of  the  hor^e 
in  Malasia,  i.  56. 

Moorcroi-T,  Mr.,  on  Hasora  wheat,  i. 
331  ;  selection  of  white-tailed  vak», 
ii.  190;  melon  of  Kaschmir,  iL  264; 
varieties  of  the  apricot  cultivated  in 
I^dakh,  i.  366 ;  varieties  of  th<" 
walnut  cultivate  1  in  Kasihmir,  L 
379. 

ifoORE,  Mr.,  on  breel^  of  |>*|jt'ons  «• 
155,  163,  217.  219,  221  ;  un  grounl 
tumblers,  i.  228. 

MoORUK,  fertilitv  of,  in  captivitv,  ii. 
140. 

Moquin-Tandon,  original  form  of 
maize,  i.  339 ;  variety  of  the  double 
columbine,  i.  389;  peloric  flowers, 
ii.    32-35;   position    as    a  caose  of 
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pelorism  in  flowers,  ii.  337 ;  tendency 
of  peloric  flowers  to  become  irregular, 
ii.  46 ;  on  monstrosities,  ii.  241 ; 
correlation  in  the  axis  and  appen- 
dages of  plants,  ii.  312 ;  fusion  of 
homologous  parts  in  plants,  ii.  333— 
335 ;  on  a  benn  with  monstrous 
stipules  and  abortive  leaflets,  ii. 
335 ;  conversion  of  parts  of  flowers, 
ii.  387. 

ElORLOT,  dogs  of  the  Danish  Middens, 
S.  18 ;  sheep  and  horse  of  the  Bronze 
period,  ii.  423. 

Mormodea  ignfo,  ii.  28. 

Morocco^  estimation  of  pigeons  in,  i. 
215. 

MoRREX,  grafls  of  Abutilon.  i.  418; 
on  pelorism,  ii.  33;  in  Calceolaria, 
ii.  338 ;  non-coincidence  of  double 
flowent  and  variegated  leaves,  ii. 
151. 

Morris,  Mr.,  breeding  of  the  kestrel  in 
captivity,  ii.  137. 

Morse,  Dr.  digits  of  birds,  ii.  315. 

MORTOK,  Lord,  effect  of  fecundation 
hy  a  quagga  on  an  Arab  mare,  i. 
435. 

MoRTOX,  Dr..  origin  of  the  dog,  i.  16. 

Morus  aibiy  i.  354. 

Moscow,  rabbits  of,  i.  Ill,  125  ;  effects 
of  cold  on  pear-trees  at,  ii.  297. 

Mosses,  sterility  in,  ii.  155 ;  retro- 
gressive metamorphosis  in,  ii.  354. 

Moss-rose,  probable  origin  of,  from 
Jiosa  oentifolia,  i.  405;  Provence 
roses  produced  from  seeds  of,  ibid. 

MosTO,  Cada,  on  the  introduction  of 
rabbits  into  Porto  Santo,  i.  117. 

Mot-mot,  mutilation  of  feathers  in- 
herited, i.  470. 

Mottling  of  fruits  ifnd  flowers,  i.  430. 

Mountain-ash,  ii.  216. 

MorsE,  Barbary,  ii.  135. 

**  MoVEN-TAUBE,"  i.  156. 

Mowbray,  Mr.,  on  the  eggs  of  game 
fowls,  i.  261 ;  early  pugnacity  of 
game  cocks,  i.  263 ;  diminished  fe- 
cundity of  the  pheasant  in  captivity, 
ii.  139. 

Mowbray,  Mr.,  reciprocal  fecundittion 
of  Pa$ti flora  a/u/a  and  racemo^a,  ii. 
118. 

Ml'l.\tto(i,  character  of,  ii.  21. 

M(  LBERRY,  i.  354,  ii.  243. 


Mule  and  hinny,  differences  in  the,  ii. 
43. 

Mules,  striped  colouring  of,  ii.  16; 
obstinacy  of,  ii.  20;  production  of, 
among  the  Romans,  ii.  88;  noticed 
in  the  Bible,  ii.  186. 

Muller,  Fritz,  reproduction  of  orchids, 
ii.  114-116  ;  development  of  Crustacea, 
ii.  363 ;  direct  action  of  pollen,  i. 
431  ;  self-sterile  bignonia,  ii.  117. 

Muller,  H.,  on  the  face  and  teeth  in 
dogs,  i.  36,  76,  ii.  337. 

Mi'LLER,  J.,  tendency  to  variation,  ii. 
239 ;  atrophy  of  the  optic  nerve 
consequent  on  destruction  of  the 
eye,  ii.  287 ;  on  gemmation  and 
fission,  ii.  351  ;  identity  of  ovules 
and  buds,  ii.  354 ;  special  affinities 
of  the  tissues,  ii.  375. 

MCller,  Max,  antiquity  of  agricultuie, 
ii.  230. 

Multiplicity  of  origin  of  pigeons, 
hypotheses  of,  discussed,  i.  197-2U3. 

MUNiz,  F.,  on  Niata  cattle,  i.  94. 

MUNRO,  R.,  on  the  fertilisation  of 
orchids,  ii.  114;  reproduction  of 
Pasfiflora  alnta,  ii.  119;  self-sterile 

•    Passiflora,  ibid. 

**  MURASSA  "  pigeon,  i.  151. 

MuRiE,  Dr.,  size  of  hybrids,  ii.  112. 

Murphy,  J.  J.,  the  structure  of  the 
eyo  not  producible  by  selection,  ii. 
207. 

Mu3  alexandrinuSj  ii.  64,  65. 

Musa  sapientiujUy  chinerisis  and  otren- 
dislai^  i.  401. 

Mtiscari  comosum,  ii.  169,  306. 

Muscles,  effects  of  use  on,  ii.  287. 

Musk  duck,  feral  hybrid  of,  with  the 
common  duck,  i.  200. 

Mutilations,  inheritance  or  non-in- 
heritance of,  ii.  466,  392. 

MvATT,  on  a  five-leaved  variety  of  the 
strawberrv,  i.  375. 

Myopia,  hereditary,  i.  47)Ck 

Myriai>OI)A,  regeneration  «  f  lost  parts 
in,  ii.  ii84,  358. 

Nails,  growing  on  stumps  of  fingers,' 

ii.  386. 
Nais,  scission  of,  ii.  351. 
Namaquas,  cattle  of  the,  i.  91,  ii.  192. 
Narcissus,  double,  becoming  single  ia 

poor  soil,  ii.  151. 
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Narvaez,  on  the  caltivatioa  of  natire 
plants  in  Florida,  i.  329. 

Nasuif  sterility  of,  in  captivity,  ii. 
134. 

"  Natas,"  or  Niatas,  a  South  American 
breed  of  cattle,  i.  92-94. 

Natiiusius,  H.  von,  on  striped  horses,  i. 
l>2 ;  on  the  pigs  of  the  Swiss  lake- 
dwellings,  i.  71;  on  the  races  of 
pigs,  i.  68-72 ;  convergence  of  cha- 
racter in  highly-bred  pigs,  i.  70,  ii, 
227 ;  causes  of  changes  in  the  form 
of  the  pig's  skull,  i.  75,  76 ;  changes 
in  breeds  of  pigs  by  crossing,  i.  82 ; 
change  of  form  in  the  pig,  ii.  269 ; 
effects  of  disuse  of  parts  in  the  pig, 
ii.  289;  period  of  gestation  in  the 
pig,  i.  77  ;  appendages  to  the  jaw 
in  pigs,  i.  79 ;  on  Sus  piicioepSy  i.  72 ; 
period  of  gestation  in  sheep,  i.  101 ; 
^n  Niata  cattle,  i.  93;  on  short- 
horn cattle,  ii.  96  ;  on  interbreeding, 
ii.  95 ;  in  the  sheep,  ii.  98 ;  in  pigs, 
ii.  101  ;  unconscious  selection  in  cattle 
and  pigs,ii.  198;  variability  of  highly- 
selected  races,  ii.  225. 

Xato,  V.f  on  the  Bizzarria  orange,  i. 
417. 

Natural  selection,  its  general  princi- 
j)les,  i.  2-14. 

Nature,  sense  in  which'  the  term  is 
employed,  i.  6. 

Naudin,  supposed  rules  of  transmission 
in  crossing  plants,  ii.  43 ;  on  the 
nature  of  hybrids,  ii.  23,  24 ;  essences 
of  the  species  in  hybrid:*,  ii.  382, 
395 ;  reversion  of  hybrids,  ii.  9,  23, 
24 ;  reversion  in  flowers  by  stripes 
and  blotches,  ii.  11 ;  hybrids  of  Xm- 
arii  tuhjuris  and  purpurea,  ii.  72 ; 
peiorism  in  Lincryi^  ii.  32,  38 ; 
crossing  of  peluric  Liniria  with  the 
normal  form,  ii.  46 ;  variability  in 
JJaiura,  ii.  254;  hybrids  of  Datwa 
Icccis  and  stramonium,  i.  425 ;  pre- 
potency of  transmission  of  Datura 
stramonium  when  rrosse<l,  ii.  43 ;  on 
the  pollen  of  Minbilis  and  of  hybrids, 
i.  415  ;  fcr^lisation  of  Mirabi.i»u  ii. 
356  ;  cultivated  Cucurbitacca;,  i.  380, 
384,  ii.  86  ;  rudimentary  tendrils  in 
gourds,  ii.  306 ;  dwarf  Cucui-biice,  ii. 
324;  relation  between  the  size  and 
number   of  the    fruit   in    Cucurbita 


pepOf  il.  336 ;  analo^os  rmrUtiott  ia 
Cucurbita,  ii.  341  ;  aodimatitttioi 
of  Cucurbitacea*,  ii.  304 ;  prodartioc 
of  fruit  by  sterile  hybrid  Cnoirbi- 
tacca},  ii.  156;  on  the  melon,  i.  38^ 
ii.  86,  264 ;  incapacity  of  the  cociuii- 
ber  to  crosA  with  other  species  i*  381 

Nkctarine,  i. '357-3G5;  deriTed  firaa 
the  peach,  i.  357,  360-364 ;  hybrid 
of,  i.  360 ;  persistency  of  character 
.  in  seedling,  ibid, ;  origin  of,  i.  361 
produced  on  peach -ireeA,  L  361,362 
producing  peaches  i.  361  ;  Vkriatioi 
in.  i.  363,  364 ;  bud'-rariation  in,  i 
398 ;  glands  in  the  leares  of  the,  ii 
217  ;  analogous  variation  in,  iL  341. 

Xectart,  variatioDS  of,  in  pancia,  i 
393. 

Nees,  on  changes  in  the  odour  of  plaats 
ii.  264. 

"  Negro  "cit,  i.  48. 

Negroes^  |H>lydactylbm  in,  i.  548; 
selection  of  cattle  practised  br,  ii 
191. 

Neolithic  period,  domestication  oJ 
Bos  longifrons  and  primujfnius  ii 
the,  i.  84;  cattle  of  the,  distiad 
from  the  original  species,  i.  90;  di»- 
mestic  goat  in  the,  i.  105  ;  cereals  o( 
the,  i.  334. 

Nerve,  optic,  atrophy  of  the,  ii.  287. 

Neubert,  potato-grafting,  i.  422. 

Neumeister,  on  the  Dutch  and  Germaa 
pouter  pigeons,  i.  145 ;  on  the  Jaco- 
bin pigeon,  i.  162;  duplication  oi 
the  middle  flight  feather  in  pigeonis 
i.  167 ;  on  a  peculiarly  coloured 
breed  of  pigeons,  **  StaarhiU»ig« 
Taube,"  i.  169;  fertility  of  hybrid 
pigeons,  i.  201 ;  mongrels  of  th« 
trumpeter  pigeon,  ii.  42 ;  period  ol 
perfect  plumage  in  pigeons  ii«  5^^; 
advantage  of  crossing  pigeons,  ii.  Iu6. 

Neuralgia,  hereditary,  ii.  55. 

New  Zealand,  feral  cats  of,  i.  49: 
cultivated  plants  of,  i.  328. 

Newfoundland  dog,  modihcation  of, 
in  England,  i.  44. 

Newman,  K.,  sterility  of  Sphingid.i- 
under  certain  conditions  ii.  141. 

Newport,  G.,  non-copulation  of  la- 
ness>x  in  conflncmont,  iL  141;  fer- 
tilisation of  the  oTule  in  batrachia, 
ii.  356. 
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Newt,  polydftctylism  id  the,  i.  548. 

Newton,  A.,  aWnce  of  sexual  dUtinc- 
tiona  in  the  Columbidse,  i.  171; 
production  of  a  "  black-shouldered  ** 
peahen  among  the  ordinary  kind,  i. 
306 ;  on  hybrid  ducks,  ii.  140. 

No  AMI,  Lake,  cattle  of,  i.  91. 

**  NiATA  "  cattle,  i.  92-94 ;  resemblance 
of,  to  Sivatheriunij  i.  93 ;  prepotency 
of  transmission  of  character  by,  ii. 
41. 

«* NiCARD*' rabbit,  i.  111. 

Nicholson,  Dr.,  on  the  cats  of  Antigua, 
i.  48 ;  on  the  sheep  of  Antigua,  i. 
102. 

NtcotianOj  crossing  of  varieties  and 
species  of,  ii.  87 ;  prejwtency  of 
transmission  of  characters  in  species 
of,  ii.  43 ;  contabescence  of  female 
organs  in,  ii.  150. 

Nicotima  glutinosa,  ii.  87. 

KlEDUilB,  on  the  hereditv  of  mental 
characteristics  in  some  Koman  fami- 
lies, ii.  40. 

Nioirr-BUNDNESS,  non-reversion  to,  ii. 
10. 

NiLBBON,  Prof.,  on  the  barking  of  a 
young  wolf,  i.  28;  parentage  of 
European  breeds  of  cattle,  i.  84,  85 ; 
on  Bosfrontosui  in  Scania,  i.  85. 

Kind,  Mr.,  on  the  dingo,  i.  41. 

•*Nl8U8  formativus,"  ii.  283,  284, 
348. 

Nrrzscn,  on  the  absence  of  the  oil- 
gland  in  certain  Columbsc,  i.  155. 

Non-inheritance,  causes  of,  i.  470- 
472. 

"Konnain"  pigeon,  i.  161. 

NOROMANN,  dogs  of  Awhasie,  i.  25. 

NoRMANOr,  pigs  of,  with  api>endageb 
under  the  jaw,  i.  IP, 

Norway,  striped  ponies  of,  i.  61. 

NOTT  and  Qliddon,  on  the  origin  of  the 
dog,  i.  16;  mastiff  represented  on  an 
Assyrian  tomb,  i.  17  ;  on  Egyptian 
dogs,  i.  18 ;  on  the  Hare  Indian  dog, 
i.  23. 

Xotyiia,  it.  116. 

Nourishment,  excess  of,  a  cause  of 
variability,  ii.  244. 

Number,  importance  of,  in  selection, 
ii.  231. 

Kumiit  ptHcrhynchtf  the  original  of 
the  Ouinea-fowl,  I.  310. 


Nun  pigeon,  i.  163;  known  to  AldiM- 

vandi,  i.  217. 
Nutmeo-teee,  ii.  223. 

Oak,   weeping,   I  385,  461;  ii.   228; 

pyramidal,    i.    385 ;    Hessian,  i'jid. ; 

late-leaved,    i.    386;     valueless    as 

timber  at  the  Cape  of  Good  Hope, 

ii.   264;   changes   in,   dependent  on 

age,  i.  413;  galls  of  the,  ii.  272. 
Oats,  wild,  i.  330 ;  in  the  Swiss  lake- 
dwellings,  i.  S37. 
Oberlin,  change  of  soil  beneficial  to 

the  potato,  ii.  128. 
Odart,  Count,  varieties  of  the  vine,  i. 

353,  ii,  267 ;    bud-variation  in   the 

vine,  i.  400. 
<Ecid:wn,  ii.  274. 
(Enothera  biennis^  bud-variation   in,  i. 

407. 
Ogle,   Dr.  J.   W.,  inherited   deficient 

phalanges,   i.   458;    resemblance  of 

twins,  ii.  239,  240. 
Oil-gland,     absence    of,    in     fantail 

pigeons,  i.  155,  168. 
Oldfield,  Mr.,  estimation  of  European 

dogs  among  the  natives  of  Australia, 

ii.  199. 
Oleander,  stock  afiected  by  grafting 

in  the,  i.  418. 
Oluer,  Dr.,  insertion  of  the  periosteum 

of  a  dog  beneath  the  skin  of  a  rabbit, 

ii.  365. 
Oncidium,  reproduction  of,  ii.  114-116, 

147. 
Onions,  crossing    of,    ii.   68 ;    white, 

liable  to   the  attacks  of  fungi  and 

di:iease,  ii.  213,  330. 
Ophrys  cpiferGj  self-fertilisation  of.  ii. 

69;  formation  of  pollen  by  a  petal 

in,  ii.  387. 
Opunlia  leucotrichh  ii.  267. 
Orange,  i.  355-356  ;   crossing  of,  ii. 

68 ;  with  the  lemon,  i.  430,  ii.  360  ; 

naturalisation  of,  in   Italy,  ii.   298 ; 

variation  of,  in  North  Italy,  ii.  243  ; 

peculiar  variety  of,  ii.  325  ;  bizzarria, 

i.  417;  trifacial,  i.  418. 
Orchids,  re[>roductiou  of,  i.  434,  435 ; 

ii.  114-116. 
Orford,  Lord,croshing  greyhounds  with 

the  bulldog,  i.  43. 
Organisms,  origin  o(,  i.  13. 
ORGANIS.VTION,  advancement  in,  i.  S. 
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Organs,  rudimentary  and  aborte<l,  ii. 
306-309 ;  multiplication  of  abnormal, 
ii.  385. 

Oriole,  assumptions  of  hen-plnmage 
by  a  male  in  confinement,  ii.  141. 

Orkney  Islands,  pigs  of,  i.  74 ;  pigeons 
of,  i.  193. 

Ortiioptera,  regeneration  of  hind  legs 
in  the,  ii.  284. 

Ortkosia  munda,  ii.  141. 

Orton,  R.,  on  the  effects  of  cross- 
breeding on  the  female,  i.  436 ;  on 
the  Manx  cat,  ii.  41 ;  on  mpngrels 
from  the  silk-fowl,  ii.  42 ;  infertility 
of  geese  in  Quito,  ii.  145. 

Osborne,  Dr.,  inherited  mottling  of 
the  iris,  i.  454. 

OsPREY,  preying  on  black  fowls,  ii. 
215. 

Osten-Sacken,  Baron,  on  American 
oak-galls,  ii.  272. 

OSTEOLOGICAL  characters  of  pigs,  i.  69, 
70,  74,  77  ;  of  rabbits,  i.  120-134;  of 
pigeons,  i.  171-177  ;  of  ducks,  i.  296- 
298. 

Ostrich,  diminished  ferti'ity  of  the,  in 
captivity,  ii.  140. 

OSTYAKS,  selection  of  dogs  by  the,  ii. 
191. 

Otter,  ii.  134. 

"Otter"  sheep  of  Massachusetts,  i. 
104. 

OuDE,  feral  humped  cattle  in,  i.  83, 

Ouistiti,  breed  in  Europe,  ii.  135. 

Ovary,  variation  of,  m  Cucurbita  inos- 
chatay  i.  382 ;  development  of,  inde- 
pendently of  pollen,  i,  433. 

Otis  niontana,  i.  103. 

Ovules  and  buds,  identity  of  nature  of, 
ii.  353. 

Owes,  Capt.,  on  stifT-haired  cats  at 
Mombas,  i.  48. 

Owen,  Prof.  R.,palieonto1ogicaI  evidence 
as  to  the  origin  of  dogs,  i.  15;  on 
the  skull  of  the  **  Niata"  cattle,  i. 
93 ;  on  fossil  remains  of  rabbits,  i. 
108;  on  the  iiignificance  of  the  brain, 
i.  130 ;  on  metagenesis,  ii.  362 ; 
theory  of  reproduction  and  partheno- 
genesis, ii.  370. 

Owl,  eagle,  breeding  in  captivity,  ii. 
137. 

Owl  pigeon,  i.  156;  African,  figured  i. 
157;  known  in  1735,  i.  218.- 


Oxalis,  trimorphic  species  of,  ii.  394. 

Oxalis  rosea^  iL  113. 

Oxley,  Mr.,   on  the   nutmeg-tree,   ii. 

223. 
Oysters,  differences  in  the  shells  of,  ii. 

270. 

Paca,  sterility  of  the,  in  con6nement, 
ii.  135. 

Pacific  Islands,  pigs  of  the,  i.  73. 

Fadua,  earliest  known  flower-gaidea 
at,  ii.  202. 

Paduan  fowl  of  Aldrorandi,  i.  259. 

Pceonia  moutanf  ii.  189. 

P.SONY-TREE,  ancient  cultivation  of,  in 
China,  ii.  189. 

Paqet,  on  the  Hungarian  i»herp.<iog.  L 
24. 

Paget,  Sir  J.,  inheritance  of  cancer,  i. 
451;  hereditary  elongation  of  hair^ 
in  the  eyebrow,  i.  452 ;  re-growth  of 
extra  digits,  i.  459  ;  circumcision,  L 
467  ;  period  of  inheritance  of  cancer, 
ii.  56 ;  on  Hydr<i,  ii.  283 ;  on  the 
healing  of  wounds,  ii.  284 ;  on  the  re- 
paration of  bones,  ibid. ;  growth  of  hair 
near  inflamed  surfaces  or  fractures, 
ii.  285;  on  false  membranes,  tW.,* 
compensatory  development  of  the 
kidney,  ii.  290 ;  bronzei  skin  in  disieaie 
of  supra-renal  capsules,  ii.  325  ;  unity 
of  growth  and  gemmation,  ii.  352 : 
ilidepcndence  of  the  elements  of  the 
lK)dy,  ii.  365 ;  affinity  of  the  tissues 
for  special  organic  substances,  ii.  374. 

Pallas,  on  the  influence  of  domestica- 
tion UfKjn  the  sterility  of  intercross**-! 
species,  i.  32,  86,  202,  iL  88 ;  hypo- 
thesis that  variability  is  whollv  da« 
to  crossing,  i.  197,  398,  ii.  237,'252; 
on  the  origin  of  the  dog,  i.  16;  varii* 
tion  in  dogs,  i.  34 ;  crossing  of  dog 
and  jackal,  i.  25  ;  origin  of  domestic 
cats,  i.  46  ;  origin  of  Angora  rat,  i. 
47 ;  on  wild  horses,  i.  55,  63 ;  on 
Persian  sheep,  i.  98 ;  on  Siberian  fii- 
tailed  sheep,  ii.  269;  on  Chin«rse 
sheep,  ii.  306 ;  on  Crimean  varieties 
of  the  vine,  i.  353  ;  on  \  grape  with 
rudimentary  seeds,  ii.  306  ;  on  feral 
musk-ducks,  ii.  20 ;  sterility  of  Al- 
pine plants  in  gardens,  ii.  147 ;  selec- 
tion of  white-tailed  yaks,  iL  190. 

Pampas,  feral  cattle  on  the,  L  89. 
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Pandanus,  \u  243. 

I'ANOENESIS,    hypothesis   of,    ii.    349- 

399. 
Panicum,  seed^  of,  used  as  food,  i.  326  ; 

found  ID  the  Swiss  lake-dwellings,  i. 

335. 
Pansv,  i.  391-393. 
Pappus,  abortion  of  the,  in  Curthamm, 

ii.  307. 
Paradoxwus,  sterility  of  species  of,  in 

captivity,  ii.  134. 
Paraguay,  csits  of,  i.  48 ;  cattle  of,  i. 

92  ;  horses  of,  ii.  80 ;  dogs   of,  t'>ii  ; 

black-skinned  domestic   fowl    of,    i. 

243. 
Parallel  rariation,  ii.  341-345. 
Paramos,  woolly  pigs  of,  i.  81. 
Parasites,  liability  to  attacks  of,  de- 
pendent on  colour,  ii.  213. 
Pariah  dog,  with  crooked  legs,  i.  17 ; 

resembling  the  Indian  wolf,  i.  25. 
Pariset,  inheritance  of  handwriting,  ii. 

6. 
Paritium     iricu^pis,    bud-variation,    i. 

402. 
.  Parkkr,  W.  K.,  number  •f  vertebra  in 

fowls,  i.  280. 
Parkinson,  Mr.,  varieties  of  the  hya- 
cinth, i.  394. 
Parkymb,    Mansfield,    on     Coiumba 

guiMi,  i.  192. 
Parmrntier,  differences  in  the  nidifi- 

cation  of  pigeons,  i.   183;  on  white 

pigeons,  ii.  215. 
Parrots,?  general  sterility  of,  in  con- 

Hnement,  ii.  138;  alteration  of  plu- 
mage of,  ii.  269. 
Parsnip,  reversion  ifl,  ii.  34;  influence 

of  selection  on,  ii.  185  ;  experiments 

on,   ii.   267 ;    wild,   enlargement   of 

roots  of,  by  cultivation,  i.  344. 
Parthenogenesis,  ii.  352,  356. 
]*ARTRlD0E,  sterility  of,  in  captivity, 

ii.  130. 
Parturition,   difficult,   hereditary,    i. 

452. 
ParuB  majoTy  ii.  216. 
Pauiftora,  self-impotence  in  species  of, 

ii.  118,  119;  contabescence  of  female 

organs  m,  ii.  150. 
Posaijlora    ahta,    fertility     of,    when 

grafted,  ii.  172. 
Pastrana,  Julia,  peculiarities   in   the 

hair  and  teeth  rf,  ii.  321. 


Pasture  and  climate,  adaptation  of 
breeds  of  sheep  to,  i.  99,  100. 

Patagonia,  crania  of  pigs  from,  i.  81. 

Pataoonian  rabbit,  i.  110. 

Paterson,  R.,  on  the  ArrinJy  silk- 
moth,  ii.  296. 

Paul,  W.,  on  the  hyacinth,  i.  394, 395 ; 
varieties  of  pelargoniums,  i.  403; 
weakness  of  transmission  in  holly- 
hocks, ii.  42  ;  improvement  of  pelar- 
goniums, ii.  201. 

Pavo  cristatus  and  mtUicus,  hybrids  of,  i. 
306. 

Pavo  nigripcnnisy  i.  305-307. 

"  Pavodotten-Taube,"  i.  148. 

Peach,  i.  357-365 ;  derived  from  the 
almond,  i.  357;  stones  of,  figured, 
358;  contrasted  with  almonds,  i. 
359 ;  double-flowering,  i.  358,  359. 
364 ;  hybrids  of,  i.  360 ;  persistency 
of  races  of,  ibid. ;  trees  producing 
nectarines,  t6i'cf.;  variation  in,  i.  363, 
304,  ii.  243 ;  bud-variation  in,  i. 
398;  pendulous,  i.  461;  variation 
by  selection  in,  ii.  203 ;  peculiar 
disease  of  the,  ii.  213  ;  glands  on  the 
leaves  of  the,  ii.  217  ;  antiquity  of 
the,  ii.  299  ;  iQcrcnsed  hardiness  of 
the,  ibid. ;  varieties  of,  adapted  for 
forcing,  ii.  301 ;  ycIlow-fleshed, 
liable  to  certain  diseases,  ii.  330. 

Pkacii-aluond,  i.  359. 

Peafowl,  origin  of,  i.  305 ;  japanne<i 
or  black-shouldereil,  i.  305-307; 
feral,  in  Jamaica,  i.  190;  compara- 
tive fertility  of,  in  wild  and  tame 
states,  ii.  91,  250  ;  white,  ii.  326. 

PEAits,  i.  372  ;  bud-variation  in,  i.  401 ; 
reversion  in  seedling,  ii.  4 ;  inferiority 
of,  in  Pliay's  time,  ii.  200;  winter 
nelis,  attacked  by  a)>hide.s,  ii.  217  ; 
soft-barked  varieties  of,  attacked  by 
wood-boring  beetles,  ii.  217  ;  origina- 
tion of  good  varieties  of,  in  woods, 
ii.  242 ;  Forclle,  rcaistancc  of,  to 
frost,  ii.  297. 

Peas,  i.  345-349;  origin  of.  i.  345 
varieties  of,  i.  345-349 ;  found  in  Swiss 
lake-dwellings,  i.  335,  337,  345-349  ; 
fruit  and  seeds  figured,  i.  347 ; 
persistency  of  varieties,  i.  348 ;  inter- 
crossing of  varieties,  i.  349,  428,  ii. 
110;  effect  of  crossing  on  the  female 
organs  in,  i.  429  ;  d<'uble-fIowered,  ii. 
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152;  maiurity  of,  accelerated  bj 
selection,  ii.  185 ;  varieties  of,  pro- 
duced by  selection,  ii.  203 ;  thin- 
shelled,  liable  to  the  attacks  of  birds, 
ii.  216 ;  reversion  of,  by  the  terminal 
seed  in  the  pod,  ii.  339. 

Peccary,  breeding  of  the,  in  captivity, 
ii.  133. 

Pedigrees  of  horses,  cattle,  greyhounds, 
game-cocks,  and  pigs,  i.  447. 

Pegu,  cats  of,  i.  49 ;  horses  of,  1.  56. 

Pelargoniums,  multiple  origin  of,  i. 
388  ;  zones  of,  i.  390  ;  bud-variation 
in,  i.  402  ;  variegation  in,  accom- 
panied by  dwarHng,  i.  409 ;  pelorism 
in,  ii.  150,  337  ;  by  reversion,  ii.  33 ; 
advantage  of  change  of  soil  to,  ii.  ]  29 ; 
improvement  of,  by  selection,  ii.  201 ; 
Fcorching  of,  ii.  214;  numbers  of, 
raised  from  seed,  ii.  221 ;  effects  of 
conditions  of  life  on,  ii.  263 ;  stove- 
variety  of,  ii.  301 ;  correlation  of 
contracted  leaves  and  flowers  in,  ii. 
324,  325. 

Pelargonium  fulifiduniy  conditions  of 
fertility  in,  ii.  147. 

"  Pelones,"  a  Columbian  breed  of  cattle, 
i.  92,  212. 

Peloric  flowers,  tendency  of,  to  ac- 
quire the  normal  form,  ii.  46 ;  fer- 
tility or  sterility  of,  ii.  150,  151. 

Peloric  races  of  Gloxinia  spcciosa  and 
Antirrhinum  majuSy  i.  389. 

Pelorism,  ii.  32-34,  337,  338. 

Pelvis,  characters  of,  in  rabbits,  i.  128 ; 
in  pigeons,  i.  176  ;  in  fowls,  i.  281 ; 
iu  ducks,  i.  298. 

Pembroke  cattle,  i.  84. 

Pendulous  trees,  i.  385,  ii.  340;  un- 
certaiuty  of  transmission  of,  i.  461, 
402. 

Penguin  ducks,  i,  294,  296  ;  hybrid  of 
the,  with  the  Egyptian  goose,  i. 
296. 

Pennant,  production  of  wolf-like  curs 
at  Fochabers,  i.  39 ;  on  the  l>uke  of 
Queonsberry's  wild  cattle,  i.  88. 

Pcnnisetum,  soeds  of,  used  as  fuod  in 
the  Punjab,  i.  326. 

Pennisetum  distichum,  seeds  of,  used  as 
food  in  Central  Africa,  i.  326. 

Percival,  Mr.,  on  inheritance  in  horses, 
i.  455;  on  horn-like  processes  in 
horse.o,  i.  52, 


Perdix  rvbra,  occasional  fertility  of^  ii 

captivity,  ii.  139. 
Period  of  action  of  caosex  of  raria'trtlitj^ 

ii.  257. 
Periosteum  of  a  dog,  producing  boM 

in  a  rabbit,  ii.  365. 
Periwinkle,  sterility  of,  in  England, 

ii.  158. 
Persia,  estimation  of  pigeons  in,  i.  215 ; 

carrier   pigeon   of,  i.   148;    tumbler 

pigeon  of,  i,  156;  cats  of,  L  47-49; 

sheep  of,  i.  102. 
Persistence    of    colour     in     horses, 

i.   53;    of    generic    peculiarities,    L 

114. 
Peru,   antiqnity  of  maixe  in,  L  338; 

peculiar  potato  from,  i.  :io0 ;  selectioa 

of  wild   animals    practised    by   the 

Incas  of,  ii.  191,  192. 
"  Perucken-Taube,"  i.  161. 
Petals,    rudimentary,    in     cultivated 

plants,  ii.  307 ;  producing  pollen,  vL 

387. 
Petunias,     multiple     ori^n      of,    i. 

388. 
Peyritsch,  Dr.,  vegetable  teratiilogr, 

ii.  32. 
"  Pfauen-Taube,"  i.  153. 
Phalanopsis,  pelorism  in,  ii.  338. 
Phalanges,  deficiency  of,  iL  49. 
Phaps  chalcopUrOy  ii.  342. 
Phaseolus  multiflonu,  ii.  300,  314. 
Phaseolus  vulgaris,  i.  350,  ii.  300. 
Phasianus  pictuSj  i.  289. 
Phasianus  amherstix,  i.  289. 
Pheasant,  assumption  of  male  plumage 

by  the  hen,  ii.  26  ;  wildness  of  hybrids 

of,   with  the  tommon  fowl,  iL  19; 

prepotency  of  the,  over  the  fowl,  ii. 

43;  diminished  fecundity  of  the,  in 

captivity,  ii.  139. 
Pheasanto,  golden  and  Ladv  Amherst'*, 

i.  289. 
Pheasant-fowls,  i.  256. 
Philipeaux,  regeneration  of  limbs  in 

the  salamander,  ii.  359. 
Philippar,  on  the  varieties  of  wheat,  i. 

332. 
Philippine  Islands,  named  breeds  of 

game  fowl  in  the,  i.  243. 
Phillips,  Mr.,  on  bud-variation  in  the 

potato,  i.  411. 

Phloxj  bud-variation  by  suckers  in,  i 
410. 
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riiTiiiSl8|  affection  of  the  fingers  in,  ii. 
326. 

Pnvu-OXERA,  i.  354. 

Pickering,  Dr.,  on  the  grunting  voice 
of  humped  cattle,  i.  83 ;  occurrence 
of  the  head  of  a  fowl  in  an  ancient 
Egyptian  procession,  i.  258 ;  seeding 
of  ordinarily  seedless  fruits,  ii.  152; 
extinction  of  ancient  Egyptian  breeds 
of  sheep  and  oxen,  ii.  421  ;  on  an 
ancient  Peruvian  gourd,  ii.  425. 

PicoTEES,  effect  of  conditions  of  life  on, 
ii.  262. 

Pjctet,  a.,  oriental  names  of  the  pigeon, 
I.  215. 

PlCTET,  Prof.,  origin  of  the  dog,  i.  15; 
on  fossil  oxen,  i.  85. 

Piebalds,  probably  due  to  reversion,  ii. 
11. 

PiETREMENT,  M.,  on  the  ribs  of  horses, 
i.  52. 

PiGEAUX,  hybrids  of  the  hnre  and 
rabbit,  ii.  135. 

Pigeon  i  era  vat  e,  i.  156. 

Pigeon  bagadais,  i.  149,  150. 

Pigeon  coquille,  i.  163. 

Pigeon  cygne,  i.  150. 

Pigeon  heurt^  i.  163. 

Pigeon  pattn  plongeur,  i.  164^ 

Pigeon  polonais,  i.  151. 

Pigeon  romain,  i.  149,  150. 

Pigeon  tambour,  i.  162. 

Pigeon  turc,  i.  146. 

Pigeons,  origin  of,  i.  137, 140, 189-214 ; 
classified  table  of  breeds  of,  i.  142 ; 
pouter,  i.  143-145;  carrier,  i.  146- 
149;  runt,  i.  149-151;  barbs,  i. 
151-153;  fanUil,L  153-155;  turbit 
and  owl,  i.  156  ;  tumbler,  i.  156-161 ; 
Indian  frill-back,  i.  161 ;  Jacobin, 
ibid.;  trum{>eter,  i.  162;  other  breeds 
of,  i.  163-165;  differences  of,  equal 
to  generic,  i.  166;  individual  varia- 
tions of,  i.  167-169 ;  variability  of 
peculiarities  characteristic  of  breeds 
in,  i.  169;  sexual  variability  in,  i. 
170,  171;  osteology  of,  i.  171-177; 
correlation  of  growth  I'n  i.  177-180, 
iL  313;  young  of  some  varieties 
naked  when  hatched,  i.  179,  ii.  326 ; 
effecU  of  disuse  in,  i.  180-187  ;  set- 
tling and  roosting  in  trees,  i.  190 ; 
floating  in  the  Nilto  to  drink,  Hyid. ; 
dovecot,  i.  19i,  195;  arguments  for 


unity  of  origin  of,  i.  197-214  ;  feral, 
in  various  places,  i^  199,  ii.  7  ;  unity 
of  coloration  in,  i.  204-206  ;  reversion 
of  mongrel,  to  coloration  of  C.  /tVia, 
i.  207-214;  history  of  the  cultivation 
of,  i.  215-217;  history  of  the  princi- 
pal races  of,  i.  217-222 ;  mode  of 
production  of  races  of,  i.  222-235 ; 
reversion  in,  ii.  22 ;  by  age,  ii.  14 ; 
produced  by  crossing  in,  ii.  14,  22; 
prepotency  of  transmission  of  cha- 
racters in  breeds  of,  ii.  41,  42;  sexual 
differences  in  some  varieties  of,  ii.  50 ; 
period  of  perfect  plumage  in,  ii.  53  ; 
effect  of  segregation  on,  ii.  63 ;  pre- 
ferent  pairing  of,  within  the  same 
breed,  ii.  81 ;  fertility  of,  increased  by 
domestication,  ii.  90,  138;  effects  of 
inter-breeding  and  necessity  of  cross- 
ing, ii.  106 ;  indifference  of,  to  change 
of  climate,  ii.  144  ;  selection  of,  ii. 
79,  183,  188;  among  the  Romans, 
ii.  187  ;  unconscious  selection  of,  ii. 
195,  198;  facility  of  selection  of",  ii. 
220;  white,  liable  to  the  attacks  of 
hawks,  ii.  215 ;  effects  of  disuse 
of  parts  in,  ii^  288;  fed  upon  meat, 
ii.  294  ;  effect  of  first  male  upon  the 
subsequent  progeny  of  the  female, 
i.  437  ;  homology  of  the  leg  and  wing 
feathers  in,  ii.  315;  union  of  two 
outer  toes  in  feather-legged,  ibid. ; 
correlation  of  beak,  limbs,  tongue, 
and  nostrils,  ii.  316;  analogous 
variation  in,  ii.  341,  342 ;  permanence 
of  breeds  of,  ii.  425. 
Pigs,  of  Swiss  lake-dwellings,  i.  71  ; 
tyi)es  of,  derive<i  from  Sua  scro/a  and 
Hits  indicusy  i.  68-70  ;  Japanese  (6'u3 
jfiiciccpSy  Gray),  figured,  i.  72;  of 
Pacific  Islands,  i.  73,  ii.  64 ;  modifica- 
tions of  skull  in,  i.  72-75;  length  of 
intestines  in,  i.  77,  ii.  293;  period  of 
go<>tation  of,  i.  77 ;  number  of  verte- 
bra? and  ribs  in,  i'jv.i.;  anomalous 
forms,  i.  78,  79 ;  development  of 
tusks  and  bristles  in,  i.  79 ;  striped 
young  of,  i.  80 ;  reversion  of  feral, 
to  wild  type,  i.  80,  81,  ii.  7,  22 ; 
production  and  changes  of  breeils 
of,  by  inter-crossing,  i.  82 ;  effects 
produced  by  the  first  male  upon 
the  subsequent  progeny  of  the 
female,  i.  436 ;  jHidigrees  of,  i.  447  ; 
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polydactylism  in,  i.  459;  cross-re- 
version in,  ii.  8;  hybrid,  wildness 
of,  iL  19;  disappearance  of  tusks 
in  male  under  domestication,  ii. 
50;  solii-hoofed,  ii.  424-;  crosses  of, 
ii.  70,  73 ;  mutual  fertility  of  all 
varieties  of,  ii.  89;  increased  fertility 
\>y  domestication,  ii.  90 ;  ill  effects  of 
close  interbreeding  in,  ii.  100,  101 ; 
influence  of  selection  on,  ii.  182 ; 
prejudice  against  certain  colours  in, 
ii.  194,  214,  330;  unconscious  selec- 
tion of,  ii.  199 ;  black  Virginian,  ii. 
212,  330;  similarity  of  the  best 
breeds  of,  ii.  227  ;  change  of  form  in, 
ii.  269 ;  effects  of  disuse  of  parts  ia, 
ii.  289  ;  ears  of,  ii.  291 ;  correlations 
in,  ii.  320;  white  buck-wheat  in- 
jurious to,  ii.  331;  tail  of,  grafted 
upon  the  back,  ii.  305 ;  extinction  of 
the  oldeir  races  of,  ii.  421. 
I'IMENTA,  ii.  G8. 

Pimpernel,  ii.  173. 

PlXE- APPLE,  sterility  and  variiibilitv 
of  the,  ii.  256. 

Pink,  Chinese,  314. 

Pinks,  bud-variation  in,  i.  406;  im- 
provement of,  ii.  201. 

Piwt^  pumilio,  mtujhuSf  and  »wh  f,  varie- 
ties  of  i^.  si/ki'stris,  i.  387. 

Pinus  sy/vestris^  i.  386,  ii.  300 ; 
hybrids  of,  with  P.  nijriains,  ii. 
111. 

PiORRV,  on  hereditary  disease,  i.  451, 
ii.  54. 

Pistacia  lentiscu^,  ii.  264. 

Pistacia  tera^  i.  431. 

Pistils,  rudimentary,  in  cultivated 
plants,  ii.  307. 

PlSTOR,  sterility  of  some  mongrel 
pigeons,  i.  202;  fertility  of  pigeons, 
ii.  91. 

Pisum  arvcnse  and  satirum,  i.  345. 

Pityriasis  vcr^ic(>lor,  inheritance  of, 
ii.  55. 

Planchon,  G.,  on  a  fossil  vine,  i.  352; 
sterility  of  Jusaiiva  nraiulifiora  in 
Frauce,  ii.  l')4. 

Planc-trei:,  variety  of  the,  i.  386. 

Plantigrade  carnivora,  general  ste- 
rility of  the,  in  captivity,  ii.  134. 

Plants,  progress  of  cultivation  of,  i. 
322,  329;  cultivated,  their  geogra- 
phical derivation,   i.    328;    crossing 


of,  ii.  76,  107;  comparatira  far* 
tility  of  wild  and  cuItiraUd,  ii.  91 ; 
self-impotent,  ii.  112-122;  dimoi^ 
phic  and  irimorphic,  tW.  ;  sterility 
of,  from  changed  conditioDA,  iL-14^ 
149 ;  from  contabescence  of  anther*, 
ii.  149,  150;  from  monstrosities,  ii. 
150,  151 ;  from  doubling  of  th« 
flowers,  ii.  151,  152 ;  from  seedless 
fruit,  ii.  152 ;  from  exc«»MTe  de- 
velopment of  vegetative  organs,  il 
152-155;  influence  of  selection  on, 
ii.  183-185;  variation  by  selection, 
in  useful  parts  of,  iu  202-204; 
variability  of,  ii.  223 ;  variability  eC 
induced  by  crossing,  ii.  252;  direct 
action  of  change  of  climate  on,  iL 
266 ;  change  of  period  of  regetation 
in,  ii.  295;  varieties  of,  saitable  to 
different  climates,  ii.  296 ;  correlated 
variability  of,  ii.  323-325 ;  natiqnity 
of  races  of,  ii.  425. 

Plasticity,  inheriUnce  of,  ii.  227. 

Plateau,  F.,  on  the  vision  of  amphi- 
bious animaU,  ii.  208. 

Platcssa  ftfSHS,  ii.  28. 

Plato,  notice  of  selection  in  breeding 
dogs  by,  ii.  186. 

Plica  polonica,  ii.  265. 

Pliny,  on  the  crossing  of  shepherd 
dogs  with  the  wolf,  i.  24 ;  on  Pyr- 
rhus'  bi-eed  of  cattle,  ii.  186;  on  the 
estimation  of  pigeons  among  the 
Romans,  i.  215;  pears  described  bv, 
ii.  200. 

Plum,  i.  366-368;  stones  figured,  i. 
366  ;  varieties  of  the,  i.  367,  368 ;  ii. 
204;  bud-variation  in  the,  i.  399; 
peculiar  disease  of  the,  ii.  213; 
flower-buds  of,  destroyed  by  bull- 
finches, ii.  217  ;  purple-fruited,  liable 
to  certain  diseases,  ii.  330. 

Plumage,  inherited  peculiarities  of,  in 
pigeons,  i.  169,  170;  sexual  jiecu- 
liarities  of,  in  fowls,  i.  263-268. 

Plurality  of  races,  Pouchet's  view* 
on,  i.  2. 

Poa,  seeds  of,  used  as  f»>od,  i.  326; 
s|)ecies  of,  projKigated  by  bulblet.s  ii- 
154. 

PODOLIAX  cattle,  i.  84. 

Pointers,  modification  of,  i.  44; 
crossed  with  the  foxhound,  ii.  73. 

PoiS  sans  parcheroin,  ii.  216. 
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PoXTEAUi  origin  of  Cj/tisus  adanU,  1. 
416 ;  origin  of  cultivated  varieties  of 
fruit-trees,  ii.  247. 

Polish  fowl,  i.  239,  262,  266,  269,  270, 
275 ;  skull  figured,  i.  275 ;  section  of 
skull  figured,  i.  277  ;  development  of 
protuberance  of  skull,  i.  262;  fur- 
culum  figured,  i.  282. 

Polish,  or  Himalayan  rabbit,  i.  112. 

Pollen,  ii.  356,  357;  action  of,  ii. 
86 ;  injurious  action  of,  in  some 
orchids,  ii.  115,  116;  resistance  of, 
to  injurious  treatment,  ii.  148 ;  pre- 
potency  of,  ii.  171. 

Pollock,  Sir  F.,  transmission  of  varie- 
guted  leaves  in  Ballota  nigra,  i.  409 ;  on 
local  tendency  to  variegation,  ii.  263. 

POLYASTHTS,  i.  464. 

POLYDACTYLISM,  inheritance  of,  i.  457- 
459 ;  significance  of,  i.  460. 

Ponies,  most  frequent  on  islands  and 
mountains,  i.  54 ;  Javanese,  i.  56. 

Poole,  Col.,  on  striped  Indian  horses,  i. 
61,  62;  on  the  young  of  Asinus  in- 
dicuSy  ii.  17. 

Poplar,  I-ombardy,  i.  385. 

PoPPiO,  on  Cuban  wild  dogs,  i.  28. 

Poppy,  found  in  the  Swiss  lake-dwell- 
ings, i.  335,  337 ;  with  the  stamens 
converted  into  pistils,  i.  389 ;  differ- 
ences of  the,  in  different  parts  of 
India,  ii.  149 ;  monstrous,  fert  ility  of,  ii. 
150 ;  black-seeded,  antiquity  of,  ii.  425. 

Porcupine,  breeding  of,  in  captivitv, 
il.  135. 

Porcupine  family,  i.  448,  ii.  53. 

Porphyrio,  breeding  of  a  species  of,  in 
captivity,  ii.  140. 

Portal,  on  a  peculiar  hereditary  affec- 
tion of  the  eve,  i.  4.54. 

Porto  Santo,  feral  rabbits  of,  i.  117. 

Portuiaca  oleracea,  ii.  275. 

Potamocharus  peniciUattts^  ii.  133. 

Potato,  i.  350,  351 ;  bud-variation  by 
tub«rs  in  the,  i.  410,  411;  graft- 
hybrid  of,  by  union  of  half-tubers,  i. 
420 ;  individual  self-impotence  in  the, 
ii.  118;  sterility  of,  ii.  153;  advan- 
tage of  change  of  soil  to  the,  ii.  128. 

Potato,  sweet,  sterility  of  the,  in 
China,  ii.  153;  varieties  of  the, 
suited  to  different  climates,  ii.  299. 

PouCHLT,  M.,  his  views  on  plurality  of 
race*,  i.  2. 


Pouter  pigeons,  i.  143-145 ;  furculum 
figured,  i.  176  ;  history  of,  i.  217. 

Powis,  Lord,  experiments  in  crossing 
humped  and  English  cattle,  i.  86,  ii. 
19. 

POYNTER,  Mr.,  on  a  graft-hybrid  rose, 
i.  419. 

Prairie  wolf,  i.  22. 

Precocity  of  highly-improved  breeds, 
ii.  313. 

Prepotency  of  pollen,  ii.  171. 

Prepotency  of  transmission  of  charac- 
ter, ii.  40,  158;  in  the  Austrian 
emperors  and  some  Roman  families, 
ii.  40 ;  in  cattle,  ii.  40,  41 ;  in  sheep, 
ii.  41 ;  in  cats,  t&/e/.  ;  in  pigeons,  ii.  41, 
42 ;  in  fowls,  ii.  42 ;  in  plants,  »&/(/. ;  in 
a  variety  of  the  pumpkin,  i.  380; 
in  the  jackal  over  the  dog,  ii.  43  ;  in 
the  ass  over  the  horse,  ^id. ;  in  the 
pheasant  over  the  fowl,  ibid. ;  in  the 
I^enguin  duck  over  the  Egyptian 
goose,  ii.  44;  discussion  of  the  phe- 
nomena of,  ii.  44-47. 

Presoott,  Mr.,  on  the  earliest  known 
European  flower-garden,  ii.  202. 

Pressure,  mechanical,  a  cause  of 
modification,  ii.  336,  337. 

Prevost  and  Dumas,  on  the  employ- 
ment of  several  spermatozoids  to  fer- 
tilise one  ovule,  ii.  356. 

Preyer,  Prof.,  on  the  effect  of  circum- 
cision, i.  467. 

Price,  Mr.,  variations  in  the  structure 
of  the  feet  in  horses,  i.  52. 

Priciiard,  Dr.,  on  polydactylism  in  the 
negro,  i.  458 ;  on  the  Lambert  family, 
ii.  53 ;  on  an  albino  negro,  ii.  214 ; 
on  Plica  polonica,  ii.  266. 

Primrose,  i.  464;  double,  rendered 
single  by  transplantation,  ii.  151. 

Primula,  inter-crossing  of  species  of,  i. 
356 ;  con  tabescence  in,  ii.  150 ;  *  hose 
in  hose,'  i.  389;  with  coloured 
calyces,  sterility  of,  ii.  149. 

Primula  sinensis,  variations,  i.  394 ;  ii. 
324;  reciprocally  dimorphic,  ii.  113. 

Primula  veris,  i.  464,  ii.  87. 

Primula  vulgaris,  i.  464,  ii.  87. 

Prince,  Mr.,  on  the  inter-crossing  of 
strawberries,  i.  374. 

PRINQSHEIM,  on  conjugation,  ii.  .352. 

Proci/on,  sterility  of,  in  captivity,  ii. 
134. 
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PBOLiyiC2<E8S,  increased  bj  domestica- 
tion, ii.  158. 

Protozoa,  reproduction  of  the,  IL  371. 

Prunus  armeniaoa,  i.  365,  366. 

PruMU  aviuniy  i,  368. 

Prunus  cerasus,  i,  368,  399. 

Prunus  domestiooj  i.  366. 

Prunus  insitUia,  i.  366-368. 

Prunus  spinosOj  i.  366. 

Prussia,  wild  horses  in,  i.  63. 

Psittacus  erithacuSf  ii.  138. 

Psittacus  maoo2f  ii.  138. 

PsophiOf  general  sterility  of,  in  cap- 
tivity, ii.  140. 

Ptarmigan  fowls,  i.  240. 

Pulex  penetrans^  ii.  265. 

Pumpkins,  i.  380. 

PUNO  ponies  of  the  Cordillera,  i.  54. 

PusEY,  Mr.,  value  of  cross-bred  sheep,  ii. 
99 ;  preference  of  hares  and  rabbits 
for  common  rye,  ii.  218. 

PcTSCilE  and  Vertuch,  varieties  of  the 
potato,  i.  350. 

Puvis,  effects  of  foreign  pollen  on 
apples,  i.  432 ;  supposed  non-varia- 
bility of  raonotypic  genera,  ii.  253. 

Pyrrhula  vuljariSj  ii.  217;  assumption 
of  the  hen-plumage  by  the  male,  in 
cunHnement,  ii.  141. 

Pyrriius,  his  breed  of  cattle,  ii.  186. 

PyruSy  fastigate  Chinese  species  of,  ii. 
266. 

Pyrus  acerbaj  i.  369. 

Pyrus  aucuparia,  ii.  216. 

Pyrus  communis^  i.  372,  401. 

Pyrus  malus,  i.  369,  401. 

J 'yrus  paradisiac Jy  i.  369. 

Pynis  praxoXf  i.  370. 

QUAOQA,  previous  impregnation  by,  i. 
435. 

QUATRKFAr.pa.  .\.  DE,  on  the  burrowing 
of  a  bitch  to  litter,  i.  28 ;  selection 
in  the  silkworm,  i.  317  ;  development 
of  the  wiogs  iu  the  silkmoth,  i.  320, 
ii.  288 ;  on  varieties  of  the  mulberry, 
i.  354  ;  si>ecial  raising  of  eggs  of  the 
silk-moth,  ii.  181 ;  on  disea»e  of  the 
silkworm,  ii.  213;  on  monstrosities 
in  insects,  ii.  257,  385 ;  on  a  change  in 
the  breeding  season  of  the  Egyptian 
goose,  ii.  294;  fertilisation  of  the 
Teredo^  ii.  356 ;  tendency  to  simi- 
larity in  the  best  races,  ii.  227 ;  on 


hU  ^UmrhUhn  zUal,*'  iL  35 ;  m  tke 

independent  existence  of  the  sezial 

elements,  iL  352. 
Quercus  oerris^  i.  886. 
Quercus  robur  and  pcdunculatOy  hjbiii? 

of,  ii.  111. 
Quince,  pears  grafted  on  the,  iL  246. 

Radbits,  domestic,  their  origin,  L  107- 
109 ;  of  Uount  Sinai  and  Algeria,  i. 
109;  breeds  of,  i.  109-116;  HiB>- 
layan,  Chinese,  Polish,  or  Knaciaa,  i. 
112-115,  ii.  75;  feral,  L  lie>120; 
of  Jamaica,  L  116 ;  of  the  Falklaad 
Islands,  i'jid, ;  of  Porto  Snnto,  L 
117-120,  ii.  81,  269;  ostedogical 
characters  o(y  i.  120-134;  discosiioB 
of  modifications  in,  i.  135^140;  one- 
eared,  transmission  of  pecoliarity  of, 
i.  456 ;  reversion  in  feral,  ii.  6 ;  ia 
the  Himalayan,  ii.  15;  crossing  oi 
white  and  coloured  Angora,  ii,  70; 
comparative  fertility  of  wild  ani 
tame,  ii.  90 ;  falsified  experiments  ii 
interbreeding  of,  ii.  100;  high-brei, 
often  bad  breeders,  ibicL ;  selection 
of,  ii.  188;  white,  liable  to  destrac- 
ti«m,  ii.  215;  effects  of  disu»e  of 
parts  in,  ii.  288;  skull  of,  affecteJ 
by  drooping  enrs,  ii.  291 ;  length  of 
intestines  in,  ii.  293;  correlation  ot 
ears  and  skull  in,  ii.  316,  317  ;  varia- 
tions in  skull  of,  ii.  343 ;  periosteum 
of  a  dog  producing  bone  in,  it. 
365. 

Rack-iiorsr,  origin  of,  i.  56. 

Races,  modification  and  formation  oC 
by  crossing,  ii.  73-77  ;  natural  ani 
artificial,  ii.  232 ;  Pouchet's  views  oo 
plurality  of,  L  2  ;  of  pigeons,  i.  217- 

Radclyffe,  W.  F.,  effect  of  climate 
and  soil  on  strawberries,  i.  376 ;  con- 
stitutional differences  in  roses,  i. 
391. 

Radishes,  i.  345 ;  crossing  of,  iL  6S ; 
varieties  of,  ii.  202. 

Radlkofer,  retrogressive  metamor* 
phosis  in  mosses  and  algc,  ii.  354. 

Rafarin,  M.,  bud-variation  and  rever- 
sion, i.  403. 

Raffles,  Sir  Stamfobd,  on  the  crusting 
of  Javanese  cattle  with  Bo9  $omiaicus^ 
ii.  191. 
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Ram,  goat-like,  from  the  Cape  of  Good 
Hope,  ii.  41. 

Ramu,  M.,  on  appendages  to  throat  of 
goat,  i.  106. 

Ranchin,  heredity  of  diseases,  i.  451. 

Range  of  gallinaceous  birds  on  the 
Himalaya,  i.  249. 

Ranke,  on  the  effects  of  use  nnd  disuse 
of  organs,  ii.  285. 

Bcmvncvius  fioarhf  ii.  154. 

Bantmcuitts  repens^  ii.  152. 

Rape,  i.  344. 

Haphanus  caudatuSf  i.  345. 

Saphanus  raphanistrum,  i.  345. 

Baphnnui  satimis^  ii.  335. 

Raspberry,  yellow-fruiteJ,  ii.  21G. 

Rattlesnake,  experiments  with  poison 
of  the,  ii.  279. 

Raven,  stomach  of,  affected  by  vege- 
table  diet,  ii.  292. 

Rawson,  a.,  self'impotence  in  hybrids 
of  Gladiolus,  ii.  121,  122. 

R£,  CoMTK,  on  the  assumption  of  a 
yellow  colour  by  all  varieties  of  maize, 
i.  339. 

Reaumur,  effect  of  confinem«*nt  upon 
the  cock,  ii.  27 ;  fertility  of  fowls  in 
roost  climates,  ii.  144. 

Reed,  Mr.,  atrophy  of  the  limbs  of 
rabbits,  consequent  on  the  destruc- 
tion of  their  nerves,  ii.  287. 

Regeneration  of  amputated  parts  in 
man,  i.  459 ;  in  the  human  embryo, 
ii.  357 ;  in  the  lower  vertebrata, 
insects,  and  myriapoda,  ii.  358. 

Re-orowtii  of  amputated  joints,  ii. 
357. 

Regnier,  early  cultivation  of  the  Cab- 
bage by  the  Celts,  i.  342 ;  selection 
practised  by  tho  Celti,  ii.  187. 

Reindeer,  individuals  recognised  by 
the  Laplanders,  ii.  238. 

Reissek,  experiments  in  crossing  Cyttsm 
purpureas  and  labumwn,  i.  410  ;  mo- 
dification of  a  Thesiuin  by  GCcidhm, 
ii.  274. 

Relations,  characters  of,  reproduced 
in  children,  ii.  7. 

Renoger,  occurrence  of  jaguars  with 
crooked  legs  in  Paraguay,  i.  17 ; 
naked  dogs  of  Paraguay,  i.  24,  32,  ii. 
70,  80 ;  feral  dogs  of  La  Plata,  i.  28 ; 
on  the  aguara,  i.  27 ;  cats  of  Para- 
guay, i.  48,  ii.  63,  133;  dogs  of  Para- 


guay, ii.  64;  feral  pigs  of  Buenos 
Ayres,  i.  80;  on  the  refusal  of  wild 
animals  to  breed  in  captivity,  ii.  132 ; 
on  Diootyles  iabiatus,  ii.  133 ;  sterility 
of  plantigrade  carnivora  in  captivity, 
'  ii.  134;  on  Cavia  aperea,  ibid.; 
sterility  of  Cebus  azarce  in  captivity, 
ii.  136;  abortions  produced  by  wild 
animals  in  captivity,  ii.  142. 

Reproduction,  sexual  and  asexual, 
contrasted,  ii.  351 ;  unity  of  forms 
of,  ii.  378;  antagonism  of,  to  growth, 
ii.  379. 

Reseda  odorata,  self-sterilitv  of,  ii.  118, 
223. 

Retinitis,  pigmentary,  in  denf>mutes, 
ii.  322. 

Reuter,  Herr,  potato-grafting,  i. 
422. 

Reversion,  ii.  1,  2, 368,  369, 390, 393- 
399 ;  in  pigeons,  ii.  2 ;  in  cattle,  ii. 
3 ;  in  sheep,  ibid, ;  in  fowls,  ii.  4 ;  in 
the  heartsease,  ibid. ;  in  vegetables, 
ibid.  ;  in  feral  animals  and  plants,  ii. 
5-7 ;  to  characters  derived  from  a 
previous  cross  in  man,  dogs,  pigeons, 
pigs,  and  fowls,  ii.  7-9 ;  in  hybrids, 
ii.  9;  by  bud-propagation  in  plants, 
ii.  10-13;  by  age  in  fowls^  cattle, 
&c.,  ii.  12,13;  partial,  from  an  in- 
jury, ii.  12  ;  caused  by  crossing,  ii. 
13-25;  explained  by  latent  charac- 
ters, ii.  25-31 ;  producing  monstro- 
sities, ii.  31 ;  producing  peloric 
flowers,  ii.  32-34;  of  feral  pigs  to 
the  wild  type,  i.  81,  82  ;  of  supposed 
feral  rabbits  to  the  wild  type,  i.  108, 
116,  118;  of  pigeons,  in  coloration, 
when  crossed,  i.  206-213;  in  fowls, 
i.  251-258;  in  the  silkworm,  i.  318; 
in  the  pansy,  i.  393;  in  a  pelargo* 
nium,  i.  403;  in  Chrysanthemums, 
i.  404 ;  of  varieties  of  the  China  rose 
in  St.  Domingo,  i.  406  ;  by  buds  in 
pinks  and  carnations,  i.  407  ;  of  la- 
ciniated  varieties  of  trees  to  the 
normal  form,  i.  408;  in  variegated 
leaves  of  plants,  i.  409;  in  tulips,  i. 
412;  of  suckers  of  the  seedless  bar- 
berry  to  the  common  form,  i.  410  ; 
by  buds  in  hybrids  of  Tropctolum,  i. 
425 ;  in  planUt,  i.  442 ;  of  crossed 
peloric  snapdragons,  ii.  46 ;  analognu» 
variations  due  to,  ii.  340-344. 
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>a  tv  £.  x-tSLu^-*  xpro.  w  4>3I. 

ia  Iriih  I'-Z'i'  i-  '•':  suAaffUX&cat  of 
I  iZi  i^  •-"-.:-*.  L  7 1 :  c^rrrarreace  of 
?trif«ti  J  3-r  ia  V¥'r=rtpaAluB  [-izv  i. 

e-; :  •:£  •.r:>*.32  p-*:*>.  iL  73;  o«  i»- 

ia  jir*.  «:-  17*. 
RiCHARLb*>5.  Sir  J- ha.  obserrations  oa 

rkdn  d  z<  ani  w-  ires.  L  21,2-;  on 
the  b'irr-.vri^s:  'f  w.-/lr«.  L  2S ;  on 
th*  Ir  al  frr*.  'f  «!''C>.  w-  Ives,  an«i 
f  1-^   in   N  r:h   Ar::-ri':a,    i.   42;  on 

t:.«i  in-  »'.  L  •'•■'•- 

Jiu:!u'Li.  ainu;I  ia  rlr^l.nU  ii.  20'>. 

fiiKT'EL.  It.,  -n  the  •*  B-iira-iotte " 
j-iir'T-.a,  i.  l-t"*:  '"n  the  J.ici>bin  pi- 
C-n,  i.  l'>-;  f'-rtiliiy  vf  hybrM 
pi'^-r-  L-s,  i.  "J"!  ;  circuni*  i<i<  n.  i.  407. 

RiLKV.  .  n  Phyil.  Tera,  i.  o.M. 

KiNDi:r.i'L-<r.  ii.  37*.. 

KiNTOLi^  Mr.,  i-'tato  -  gral'ting,  i. 
421. 

iJiss^),  «>n  \  iri^iti'.v.  of  the  or.mge,  i.  357, 
ii.  21'H,  :ij4. 

IIiVKf'.s,  V'T>\,  on  the  selection  of  grrj- 
hoiiul-*,  ii.  2Jl: 

FJiVMLS,  Mr.,  p<TMstenry  of  characters 
ia  sf*<^Jling  jK>tatf»es,  i.  3ol  ;  on  the 
peach,  i.  3o7,  3.')9 ;  persistency  of 
races  in  the  ji^-ach  and  nectarine,  i. 
36<»,  3<31 ;  c<»nnortion  Wtween  the 
jwach  and  the  nectarine,  i.  361 ;  per- 
si-stt-ncy  of  character  in  seedling 
apricots,  i.  366;  origin  of  the  plum, 
ihid. ;  seedling  varieties  of  the 
plum,  i.  367 ;  persistency  of  cha- 
racter in  seedling  plums,  i.  368 ; 
bud-variation  in    the  plum,  i.  300; 


ipisat  attaeced  »▼  baJIoacbcs,  ii 
ZVT I  ice-il'ac  appl«s  viih  svziice- 
rmciw  L  371 :  ranetj  of  tkt  afflc 
fivati  ia  a  ^vA.  iL  247;  oa  raes 
L  Zi*\  -591 ;  btti-Tanati.>a  ia 
L  -I':-*— I*}* :  pr»iBctk«  of  Pr»T« 
naes  firam  seeds  cf  tiw  mov-nw,  L 
4*1^  :  cif«ct  pndcccd  hr  prafUaf  •■ 
t^  st«ck  ia  jesnauae.  i.  41$ :  ia  u« 
a»^  »^«1 :  «•  grafUd  hazeU  L  419; 
kTbr»iisatio«  of  a  veepiac  laora.  L 
4oI :  experiaaeaU  viti  the  seed  r-f 
tke  weeptaf  eixa  a»i  a»li,  L  4<2; 
TarietT  of  th«  diierTT  with  corieJ 
petals^  ii.  218c 

EmlKE,  reprodacticB  of  Om.iJimm  <?t- 
xtrntLiXiiMMML,  iL  1 14. 

BOBOETS.  Mr.,  oa  inbciitaace  ia  xh* 
hon^,  L  454. 

EoBf3CT9D5.  Hr.,  oa  slaadolar-learai 
peiches,  L  3d4. 

ROBIXET,  oa  the  sllkwf^rxn.  i.  317-»:i. 
iL  ISl. 

E/mmm,  iL  2o4. 

EOB905.  Mr.,  det;c:cDci«-s  i.f  half-bre-i 
horses,  i.  45o. 

RoBSOX,  Mr.,  on  the  jidrantac'^  i-f 
chane«  of  «>il  to  plants,  iL  12?*,  12i«; 
on  the  growth  of  the  rerbena,  ;i. 
2o5;  on  brofci>li,  iL  3*,»1. 

Rock  pigeoa,  measurements  ».f  the.  i. 
14«:»;  figured,  L  141. 

RODCXTS,  sterililT  of,  in  captivitv,  .i. 
134. 

Hodri-j'tezia,  ii.  115,  116. 

RODWELX.,  J.,  poisoning  of  hur«s<.»  by 
mildewed  tares,  ii.  331. 

RouiLCCN'D,  feral  humped  cattle  in,  i. 
83. 

ROLLE,  F.,  on  the  history  of  the  peach, 
ii.  299. 

Roller- PIGEONS,  Dutch,  L  158. 

RoiXESTOS,  Prof.,  inherited  etTects  ot 
injuries,  L  469 ;  incisor  teeth  af- 
fecteti  in  form  in  cases  of  pulmonary 
tubercle,  ii.  325. 

Romanes,  on  sternum  of  the  fowl,  i 
288;  rudimentary  organs,  ii.  3«»0. 

Romans,  estimation  of  pigeons  bv,  i 
215;  breeds  of  fowls  poss«»sei  hv.  i. 
243,  258. 

Rooks,  pied,  ii.  53. 

Hosaj  cultivated  species  of,  i.  390. 

liosa  dcvonicnsiSy  graf\-hybri<l  produce! 
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bj,  on  the  white  Banksian  rose,  i. 
419. 

Rasa  indica  and  oentifoiia,  fertile  hybrids 
of,  i.  390. 

Rosa  spinosissuna,  history  of  the  culture 
of,  i.  391. 

RosELUNi,  oa  Ej^ptian  dogs,  i.  17. 

R06£8,  i.  390,  391;  origin  of,  i.  388; 
bud-TariatioQ  in,  i.  404-406 ;  Scotch, 
doubled  by  selection,  ii.  185;  con- 
tinuous  Tariation  of,  ii.  228 ;  effect 
of  seasonal  conditions  on,  ii.  263; 
noisette,  ii.  299 ;  galls  of,  ii.  274. 

Ross,  Dr.,  on  Pangenesis,  ii.  350,  377. 

RoULNNAis,  rabbit,  i.  109. 

ROUJOU,  ])oIydactylism,  and  arrested 
development,  i.  458. 

ROULIX,  on  the  dogs  of  Juan  Fernandez, 
i.  27  ;  on  South  American  caU^i.  48; 
striped  young  pigs,  i.  80 ;  feral  pigs 
in  South  America,  i.  81,  ii.  7 ;  on 
Columbian  oittle,  i.  92,  ii.  189,  212  ; 
effects  of  heat  on  the  hides  of  cattle 
in  South  America,  i.  95;  fleece  of 
sheep  in  the  hot  valleys  of  the  Cor- 
dilleras, i.  102  ;  diminitihed  fertility 
of  these  sheep,  ii.  145 ;  on  black- 
boned  South  American  fowls,  i.  271 ; 
variation  of  the  guinea-fowl  in  tropical 
America,  i.  310;  frequency  of  striped 
legs  in  mules,  ii.  16;  geese  in  Bogota, 
ii.  145;  sterility  of  fowls  introduced 
into  Bolivia,  ii.  145. 

Roy,  M.,  on  a  variety  of  MiujnolUi  gran- 
dijiora,  ii.  299. 

IU>YLE,  Dr.,  Indian  varieties  of  the  mul- 
berry, i.  354 ;  on  Agate  ciri/xira»  ii. 
153;  variety  of  rice  not  requiring 
irrigation,  ii.  295 ;  sheep  from  the 
Cape  in  ludin,  ii.  296. 

liufius^  pollen  of,  ii.  256. 

Rl'DIMENTauy  organs,  i.  12,  ii.  306-310. 

RUFZ  DM  Lavison,  extinction  of  breeds 
of  dogs  in  France,  ii.  421. 

RCMINANTS,  general  fertility  of,  in  cap- 
tivity, ii.  133. 

RrMPLias  fowls,  i.  241. 

UUXTU,  i.  149-151  ;  history  of,  i.  220; 
lower  jaws  and  skull  Hgured,  i.  173. 

RU88bLL,  Lord  A.,  Kpicgelcarpe,  ii.  222. 

Ru»iAN  or  Himalayan  rabbit,  i.  112. 

RItixeyer,  Prof,  dogs  of  the  Neolithic 
period,  i.  19;  horses  of  Swiss  lake- 
dwellings   i.  51  ;  diversity  of  early 


domesticated  horses,  i.  53 ;  pigs  of  the 
Swiss  lake-dwellings,  i.  68,  71;  on 
humped  cattle,  i.  83 ;  parentage  of 
European  breeds  of  cattle,  i.  84,  ii. 
423;  on  "Niata"  cattle,  i.  93;  sheep 
of  the  Swiss  lake-dwellings,  i.  97,  ii. 
423 ;  goats  of  the  Swiss  lake-dwell- 
ings, i.  105  ;  absence  of  fowls  in  the 
Swiss  lake^wellings,  i.  258;  on 
crossing  cattle,  ii.  76;  differences  in 
the  bones  of  wild  and  domesticated 
animals,  ii.  268 ;  decrease  in  size  of 
wild  European  animaU,  ii.  427. 
Rye,  wild,  I)e  Candolle's  observations 
on,  i.  330 ;  found  in  the  Swiss  lake- 
dwellings,  i.  337  ;  common,  preferrod 
by  hares  and  rabbits,  ii.  218;  less 
variable  than  other  cultivated  plants, 
ii.  241. 

Sabine,  Mr.,  on  the  cultivation  of  i?0M 
spiiyosiasiina,  i.  391 ;  on  the  cultiva- 
tion of  the  dahlia,  i.  393,  394,  ii.  249 ; 
effect  of  foreign  )K>llen  on  the  seed- 
vessel  in  Amaryllis  vittata,  i.  431. 

St.  Angk,  influence  of  the  pelvis  on  the 
shape  of  the  kidneys  in  birds,  ii.  336. 

St.  Domingo,  wild  dogs  of,  i.  28  ;  bud- 
variation  of  dahlias  in,  i.  411. 

St.  Hilaire,  Aug.,  milk  furnished  by 
cows  in  South  America,  ii.  290 ; 
husked  form  of  maize,  i.  339. 

St.  John,  C,  feral  cats  in  Scotland,  i. 
49  ;  taming  of  wild  ducks,  i.  292. 

St.  V'alery  apple,  singular  structure 
of  the,  i.  372,  artificial  fecundation 
of  the,  i.  432. 

St.  V'itl's*  Dance,  period  of  appearance 
of,  ii.  54. 

Sachs,  Prof,  flow  of  snp,  ii.  286. 

Saqeret,  origin  and  varieties  of  the 
cherry,  i.  368,  369 ;  origin  of  varieties 
of  the  apple,  i.  372 ;  incapacity  of 
the  cucumber  for  crossing  with  other 
species,  i.  383 ;  varieties  of  the  melon, 
%'ml. ;  supposed  twin-mongrel  melon, 
i.  427 ;  crossing  melons,  ii.86, 109;  on 
gourds,  ii.  86 ;  effects  of  selection  ii  en- 
larging fruit,  ii.  202;  on  the  tendency 
to  depart  from  type,  ii.  228  ;  variat  ion 
of  plants  in  particular  soiln,  ii.  267. 

Salamander,  experiments  on  the,  ii. 
283,  357,  385;  regeneration  of  lost 
parts  in  the,  ii.  357-359. 
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Salamandra  crisiata,  poljdactjlism  in, 
i.  548. 

Salisbury,  Mr.,  on  the  production  of 
nectarines  by  peach«tree8,  i.  361 ;  on 
the  dahlia,  i.  393,  394. 

ScUix,  intercrossing  of  species  of,  i.  356. 

Salix  humiiiSy  galls  of,  ii.  272,  273. 

Sall^,  feral  guinea-fowl  in  St.  Domingo, 
i.  310. 

Salmon,  early  breeding  of  mnle,  ii.  379. 

Salter,  Mr.,  on  bud-variation  in  pelar- 
goniums,  i.  403;  in  the  Chrysan- 
themum, i.  404 ;  transmission  of 
variegated  leaves  by  seed,  i.  409 ; 
bud-variation  by  suckers  in  Phlox,  i. 
410;  application  of  selection  to  bud- 
varieties  of  plants,  i.  443 ;  accumu- 
lative effect  of  changed  conditions  of 
life,  ii.  249 ;  on  the  variegation  of 
strawbeiTy  leaves,  ii.  264 ;  on  pollen 
within  ovules,  ii.  387. 

Salter,  S.  J.,  hybrids  of  GaUus  son- 
neratii  and  the  common  fowl,  i.  246, 
ii.  19 ;  crossing  of  races  or  species  of 
rats,  ii.  65. 

Salvin,  habits  of  the  jackal,  i.  25; 
mutilation  inherited  in  mot-mot,  i. 
470. 

SAME:sREUTHER,on  inheritnuco  iu  cattle, 
i.  455. 

Sandford.  Si'".  Dawkins. 

Sanson,  M.,  origin  of  the  horse,  i.  54 ; 
lumbar  vertebra  of  pigs,  i.  77. 

Sap,  ascent  of  the,  ii.  286. 

Saponaria  caiabn'cct,  i.  463. 

S  a  PORTA,  on  Pistacia,  i.  431. 

Sardinia,  ponies  of,  i.  54. 

Sars,  on  the  development  of  the 
hydroida,  ii.  364. 

Satiation  of  the  stis^ma,  i.  434,  435. 

Saturnia  pyri^  sterility  of,  in  confine- 
ment, ii.  141. 

Saul,  on  the  management  of  prize 
gooseberries,  i.  378. 

Sauvigny,  varieties  of  the  gold-fish,  i. 
312. 

Savage,  their  indiscriminate  use  of 
|>lants  as  food,  i.  325-327  ;  foDdne:>s 
of,  for  taming  animals,  ii.  144. 

Savi,  effect  of  foreign  pollen  on  maize, 
i.  430. 

Saxifra'ja  fjeum,  ii.  150. 

Savzid  Mohammed  Musapj,  on  car- 
lior-j  igpons,   i.    148;    on    a    pigeon 


which  utters  the  sound  "  Taka,"  l 
163. 

ScANDEB003f8  (pigeons),  L  149,  150. 

Scania,  remains  of  Bos  frxmiogmt  fynd 
in,  i.  85. 

Scapula,  characters  ot,  in  raUHts,  I 
129 ;  in  fowls,  i.  282 ;  in  pigeons,  L 
177;  alteration  of,  by  disuse,  ii 
pigeons,  L  184. 

Scarlet  fever,  ii.  272. 

ScnAAFFHAUBEN  on  the  horses  repre- 
sented in  Greek  statues,  ii.  19S. 

SCHLKIDEN,  eicess  of  nourishment  i 
cause  of  variability,  ii.  244. 

SCIIMERLINO,  Dr.,  varieties  of  the  J«»g 
found  in  a  cave,  L  19. 

SciiOMBUROK,  Sir  R.,  on  the  dogs  of 
Indians  of  Guiana,  i.  20,  23,  ii.  191 ; 
on  the  musk  duck,  i.  191 ;  bod- 
variation  in  the  banana,  i.  401 ; 
reversion  of  varieties  of  the  Chins 
rose  in  St.  Domingo,  i.  406 ;  sterility 
of  tame  parrots  in  Guiana,  iL  138; 
on  Dendrocijgna  viduata,  ii.  14*); 
selection  of  fowls  in  Guiana,  ii.  194. 

SCHREIBERS,  ou  Protcw,  ii.  287. 

SCHfTZE  on  the  Torfschwein,  i.  71. 

Scturopt^t-us  toiucellOy  ii.  135. 

Sciurus puimantm  and  c'nerex^  ii.  135. 

SCLATER,  P.  L.,  on  Asinus  tcntopus^  i. 
65.  ii.  16;  on  Asinus  indiats,  ii.  17; 
striped  character  of  young  wild  pig>. 
i.  72 ;  osteology  of  GaUinula  n^siotix^ 
i.  302 ;  on  the  black -shouldered  pe;»- 
cock,  i.  305-307;  animals  breedics; 
in  Zoological  Gardens,  ii.  131  ;  birds 
breeding  in  21oo}ogical  Gardens  ii. 
136 ;  on  the  breeding  of  birds  in 
captivity,  ii.  136,  140. 

Scotch  fir,  local  variation  of,  i.  386. 

SOOTCH  kail  and  cabbage,  cross  between, 
ii.  76. 

SoOTT,  John,  irregularities  in  the  sex 
of  the  flowers  of  maize,  i.  339 ;  bud- 
variaticn  in  TmatophyUwn  mmiatnm^ 
i.  411  ;  crossing  of  species  of  l>f*as- 
cum^  ii.  84,  85;  self-sterility  of  IVr^ 
bascuinj  ii.  118;  experiments  on 
crossing  FrimukPy  ii.  87 ;  reproduc- 
tion of  orchids,  ii.  114;  fertility  of 
Oncidium  divaricatwn^  ii.  147;  accli- 
matisation of  the  sweet  pea  in  India, 
ii.  302  ;  number  of  seeds  in  Acropcra 
and  Oongoray  ii.  373. 
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SCBOPEy  on  the  Scotch  deerhound,  ii. 
49,  100. 

SCUDDER,  Dr.,  on  re-growth,  ii.  359. 

Sebright,  Sir  John,  effects  of  close 
inter-br«ediDg  in  dogs,  ii.  199;  ctire 
taken  by,  in  selection  of  fowls,  ii.  181. 

Seoale  oer^e,  ii.  241. 

Sedqwick,  W.,  effects  of  crossing  on  the 
female,  i.  436 ;  on  the  "  Porcupine 
mnn,"  i.  448 ;  on  hereditary  diseases, 
i.  451 ;  hereditary  affections  of  the 
eye,  i.  453,  ii.  54 ;  inheritance  of  poly- 
dactylism  and  Anomalies  of  the  ex- 
tremities, i.  458,  459  ;  morbid  uni- 
formity in  the  same  family,  i.  460 ; 
on  deaf-mutes,  i.  466  ;  inheritance  of 
injury  to  the  eye,  i.  469;  atavism 
in  diseases  and  anomali^  of  structure, 
ii.  8;  non-rerersion  to  night-blind- 
ness, ii.  10 ;  sexual  limitation  of  the 
transmission  of  peculiarities  in  man, 
ii.  48,49;  on  the  effects  of  hard- 
drinking,  ii.  280;  inherited  baldness 
with  deHciency  of  teeth,  ii.  319,  320; 
occurrence  of  a  molar  tooth  in  place 
of  an  incisor,  ii.  375 ;  diseases  occur- 
ring in  alternate  generations,  ii.  396. 

Sedillot,  on  the  removal  of  portions  of 
bone,  ii.  286 

Seeds,  early  selection  of,  ii.  188;  rudi- 
mentary, in  grapes,  ii.  306  ;  relative 
position  of,  in  the  capsule,  ii.  337. 

Seeds  and  buds,  close  analogies  of,  i. 
444. 

Seemann,  B.,  crossing  of  the  wolf  and 
Esquimaux  dogs,  i.  22. 

Seorsqation  of  characters,  i.  425,  439. 

Selbt,  p.  J.,  on  the  bud-dcstroyiog 
habits  of  the  bullfinch,  ii.  217. 

SELECnON,  ii.  176-236 ;  methodical,  i. 
224,  ii.  178-195;  by  the  ancients 
and  semi-civilised  people,  ii.  185-195 ; 
of  tri6ing  characters,  ii.  193-195; 
uncon&cious,  i.  224,  227,  ii.  158, 
195-202 ;  effecU  of,  shown  by  differ- 
ences in  most  valued  parts,  ii.  202- 
205 ;  produced  by  accumulation  of 
variability,  ii.  205-208;  natural,  as 
affecting  domestic  productions,  ii. 
169-174,  209-219;  as  the  origin  of 
species,  genera,  and  other  groups,  ii. 
425-428;  circumstances  favourable 
to,  ii.  219-226  ;  tendency  of,  towards 
extremes,  ii.  226-229;  possible  limit 


of,  ii.  229 ;  influence  of  time  on,  ii. 
230,  232 ;  summary  of  subject,  ii. 
234,  236 ;  effects  of,  in  modifying 
breeds  of  cattle,  i.  96 ;  in  preserving 
the  purity  of  breeds  of  sheep,  i. 
103,  104 ;  in  producing  varieties  of 
pigeons,  i.  222-229;  in  breeding 
fowls,  i.  244,  245 ;  in  the  goose,  i. 
305;  in  the  canary,  i.  311;  in  the 
gold-Hsh,  i.  312;  in  the  silkworm,  i. 
316,  317 ;  contrasted  in  cabbages  and 
cereals,  i.  341 ;  in  white  mulberry,  i. 
354 ;  on  gooseberries,  i.  378 ;  applied 
to  wheat,  i.  335,  336 ;  exemplified 
in  carrots,  &c.,  i.  345 ;  in  potato,  i. 
351  ;  in  the  melon,  i.  383  ;  in  flower- 
ing plants,  i.  388  ;  in  the  hyacinth,  i. 
395 ;  applied  to  bud-varieties  of 
plants,  i.  443 ;  illustrations  of,  ii. 
416-424. 

Selection,  sexual,  ii.  51. 

Self-impotence  in  plants,  ii.  U2- 
122;  in  individual  plants,  ii.  117- 
120;  of  hybrids,  ii.  158. 

Selwyn,  Mr.,  on  the  Dingo,  i.  26. 

Selys-Lonochamps,  on  hybrid  ducks, 
i.  199,  ii.  20,  140;  hybrid  of  the 
hook-billed  duck  and  Egyptian  goose, 
i.  296. 

Serinoe,  on  the  St.  Vale'ry  apple,  i.  371 . 

Serpent  melon,  i.  383,  ii.  324. 

Serres,  Olivier  de,  wild  poultry  in 
Guiana,  i.  249. 

Sesamum,  white-seeded,  antiquity  of 
the,  ii.  425. 

Setaria^  found  in  the  Swiss  Inke-dwell- 
ings,  i.  335. 

Settegast,  sheep  poisoned  by  buck- 
wheat, ii.  331. 

Setters,  degeneration  of,  in  India,  i. 

39 ;  Youatt's  remarks  on,  i.  43. 
,Slx,  secondary  characters  of,  latent,  ii. 
26,  27 ;  of  parents,  influence  of,  on 
hybrids,  ii.  255. 

Sexual  characters,  sometimes  lost  in 
domestication,  ii.  50. 

Sexual  limitation  of  characters,  ii.47- 
51. 

Sexual  peculiarities,  induced  by  di- 
mestication  in  sheep,  i.  98  ;  in  fowl-, 
i.  264-267  ;  transfer  of,  i.  268-270. 

Sexual  variability  in  pigeons,  i.  16.», 
170. 

Sexual  selection,  ii.  51, 
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SHADDOCK. 


INDEX. 


Shaddock,  i.  355. 

Shaileb,  Mr.,  on  the  moss-roso,  i  405. 

Shan  ponies,  striped,  i.  61. 

Suanqhai  fowls,  L  237. 

Shanquai  sheep,  their  fecundity,  i. 
101. 

Sheep,  disputed  origin  of,  i.  97 ;  early 
domestication  of,  i.  98  ;  large-tailed, 
L  93,  102,  ii.  269;  variations  in 
horns,  mammie,  and  other  characters 
of,  i.  99 ;  sexual  characters  of,  induced 
by  domestication,  ibid.;  adaptation 
of,  to  climate  and  pasture,  i.  100, 
101 ;  periods  of  gestation  of,  i.  101 ; 
effect  of  heat  on  the  fleece  of,  i.  102, 

103,  ii.  268 ;  effect  of  selection  on,  i. 
103-105;  "ancon"or  "otter"  breeds 
of,  i.  104;    "  Hauchamp^merino,"  i. 

104,  105;  cross  of  German  and 
merino,  ii.  66 ;  blnck,  of  the  Taren- 
tino,  ii.  212;  Karakool,  ii.  268; 
Jaffna,  with  callosities  on  the  kneea, 
ii.  292 ;  Chinchc,  ii.  306 ;  Danish,  of 
the  Bronze  period,  ii.  423 ;  polydac- 
tylism  in,  i.  459;  occasional  pro- 
duction oif  horns  in  hornless  breeds 
of,  ii.  3 ;  reversion  of  colour  in,  ibid.  ; 
influence  of  male,  on  offspring,  ii.  45 ; 
sexual  differences  in,  ii.  40 ;  influence 
of  crossing  or  segregation  on,  ii.  63, 
73,  80,  81 ;  interbreeding  of,  ii.  08, 
99 ;  effect  of  nourishment  on  the 
fertility  of,  ii.  90 ;  value  of,  cross- 
bred, ii.  09 ;  diminished  fertility 
of,  imdor  certain  conditions,  ii.  145; 
unconscious  selection  of,  ii.  198; 
natural  selection  in  breeds  of,  ii.  210, 
212;  reduction  of  bones  in,  ii.  228; 
individual  differences  of,  ii.  238 ; 
local  changes  in  the  fleece  of,  in  Eng- 
land, ii.  268 ;  partial  degeneration  of, 
in  Australia,  i')id. ;  correlation  of 
horns  and  fleece  in,  ii.  318;  feeding 
on  flesh,  ii.  293 ;  acclimatisation  of, 
ii.  290  ;  mountain,  resistance  of,  to 
severe  weather,  ii.  303 ;  white,  poi- 
soned hy Hypericum  crispwn,  ii.  331. 

Sheep  doi;s,  resembling  wolves,  i.  24 ; 

mutilated  tail  inherited,  i.  470. 
Shells,  sinistral  and  dextral,  ii.  28. 
Shirley,  £.  P.,  on  the  fallow-deer,  ii. 

81,  99. 
Shirreff,  Mr.,  new  varieties  of  w^heat, 

i.  332,  334;  on   crosbing  whc;it,  ii. 


83;    Tariabilitj  of  wheat,   i.  410; 

continous  variation  of  wheat,  ii.  228. 
Short,  D.,  hybrids  of  the  domestic  cat 

and  Felit  omata^  i.  47. 
SlAM,  cats  of,  i.  46 ;  horses  of,  i.  59. 
Siberia,  northern  range  of  wild  hones 

in,  i.  56. 
SiCHRL,  J.,  on   the  deafness   of  white 

cats  with  bine  eyes,  ii.  323. 
Sidney,  S.,  on  the  pedigrees  of  pigs, 

i.  447 ;  on  cross-reversion  in  pigs,  ii. 

8 ;  period  of  gestation  in  the  pig,  I 

77 ;  production  of  breeds  of  pigs  by 

intercrossing,  i.  82,  ii.  73;  fertility 

of  the  pig,  ii.  90;  effects  of  inter- 
breeding on  pigs,  ii.  101-102;  on  the 

colours  of  pigs,  ii.  195,  214. 
Siebold,  on  the  sweet  potato,  ii.  209. 
Siebold,  Carl  vox,  on  parthenogenesis, 

ii.  353. 
SilemOy  contabescence  in,  ii.  149. 
Silk-fowls,  i.  242,  iu  42,  44. 
Silk-moth,    Arrindy,    ii.     296,    303; 

Tarroo,  ii.  141. 
Silk-moths,  i.  316-321 ;  domesticated, 

species  of,  L  316 ;  history  of,  i.  317; 

causes    of    modiHcation     in,     iW. ; 

differences  presented  by,  i.  317—321; 

crossing  of,  ii.  76  ;  disease  in,  ii.  213; 

effects  of  di.<«U5e  of  parts  in,  iL  288 ; 

selection  practised  with,  ii.  181, 183; 

variation  of,  ii.  222;  {parthenogenesis 

in,  ii.  357. 
Silkworms,  variations  of,  i.  316-318; 

yielding  white  cocoons,  le^kS  liable  to 

disease,  ii.  330. 
Silver-Grey  rabbit,  i.  112,  114,  12.'). 
Simon,  on  the  raising  of  eggs  of  the 

silk-moth  iu  China,  ii.  181. 
S1MOND6,  J.  B.,  period  of  maturity  in 

various  breeds  of  cattle,  i.  90;  differ- 
ences in  the  periods  of  dentition  in 

sheep,  i.  100 ;  on  the  teeth  in  cattle. 

sheep,  &c.,  ii.  313 ;  on  the  breedirg 

of  superior  rams,  ii.  180. 
Simpson',  Sir  J.,  regenerative  power  of 

the  human  embryo,  ii.  358. 
Siredotiy  breeding  in  the  branchiferou> 

stage,  ii.  379. 
Siskin,  breeding  in  captivity,  ii.  \M. 
Sivatherium^   resemblance     of    the,    t  > 

Niata  cattle,  i.  93. 
Size,  difference  of,  an  obitaclc  to  cro««>- 

ing,  ii.  79. 
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Skix,  and  Ob  appendages,  homologous, 
ii.  317 ;  hereditary  atfections  of  the, 
ii.  55. 

Skibvino,  R.  S.,  on  pigeons  settling  on 
trees  in  Egypt,  i.  190. 

Skull,  characters  of  the,  in  breeds  of 
dogs,  i.  35  ;  in  breeds  of  pigs,  i.  74  ; 
in  rabbits,  i.  121-126,135;  in  breeds 
of  pigeons,  i.  172,  173;  in.  breeds  of 
fowls,  i.  273-279 ;  in  ducks,  i.  29G, 
297. 

Skull  and  horns,  correlation  of  the,  ii. 
327. 

Skylark,  ii.  137. 

Slkeman,  on  the  cheetah,  ii.  133. 

Six)E,  i.  366. 

Small-pox,  ii.  372. 

Smitlr  (pigeonX  i.  164. 

Smith,  Sir  A.,  on  Caffrarian  cattl6,  i. 
91 ;  on  the  use  of  numerous  plants 
as  food  in  South  Africa,  i.  325. 

Smith,  Colonel  Hamilton,  on  the  odour 
of  the  jackal,  i.  31 ;  on  the  origin  of 
the  dog,  i.  16;  wild  dogs  in  St. 
I>omiDgo,  i.  28 ;  on  the  Thibet  mas- 
tiff and  the  alco,  i.  20 ;  development 
of  the  fifth  toe  in  the  hind  feet  of 
mastiffs,  i.  37 ;  differences  in  the 
skull  of  dogs,  i.  35 ;  history  of  the 
j»ointer,  i.  44;  on  the  ears  of  the 
dog,  ii.  291 ;  on  the  breeds  of  horses, 
i.  51;  origin  of  the  horse,  i.  53; 
dappling  of  horses,  i.  58 ;  striped 
horses  in  Spain,  i.  61;  original  colour 
of  the  horse,  i.  63 ;  on  horses  scraping 
away  snow,  i.  56  ;  on  Asinns  henuonuSy 
ii.  17 ;  feral  pigs  of  Jamaica,  i.  80, 
81. 

Smith,  Sir  J.  £.,  production  of  necta- 
rines and  peaches  by  the  same  tree, 
i.  361;  on  Viola  amcena,  i.  302; 
sterility  of  Vinca  minor  in  England, 
ii.  154. 

Smith,  J.,  development  of  the  ovary  in 
Jionatca  speciosa  by  irritation  of  the 
stigma,  i.  434. 

Smith,  N.  H.,  influence  of  the  bull 
"  Farourite"  on  the  breed  of  Short- 
horn cattle,  ii.  40. 

Smith,  W.,  on  the  intercrossing  of 
strawberries,  i.  372. 

Snake-rat,  ii.  64,  65. 

Snakes,  form  of  the  riscera  in,  ii.  330. 

SNAruRAOON,  bud-variation  in,  i.  407  ; 


non-inheritance  of  colour  in,  i.  464 ; 
peloric,  crossed  with  the  normal 
form,  ii.  46,  71 ;  asymmetrical 
variation  of  the,  ii.  314. 

Soil,  adaptation  of  plums  to,  i.  368 ; 
influence  of,  on  the  zones  of  pelar- 
goniums, i.  390;  on  roses,  i.  391 ;  on 
the  variegation  of  leaves,  i.  409;  ad- 
vantages of  change  of,  ii.  127-130. 

Soil  and  climate,  effects  of,  on  straw- 
berries, i.  375. 

Sohnunt,  non-intercrossing  of  species  of, 
ii.  68. 

Soianum  tiAerosum,  i.  350,  351,  410. 

Solid-hoofed  pigs,  i.  78. 

Solomon,  his  stud  uf  horses,  i.  57. 

SoMEKViLLK,  Lord,  on  the  fleece  of 
Merino  sheep,  i.  103;  on  crossing 
sheep,  ii.  09;  on  selection  of  sheep, 
ii.  179 ;  diminished  fertility  of  Merino 
sheep  brought  from  Spain,  ii.  145. 

SOOTV  fowls,  i.  242,  269. 

Sorghum,  i.  396. 

Soto,  Ferdinand  de,  on  the  cultivation 
of  native  plants  iu  Florida,  i.  329. 

Spain,  hawthorn  monogynous  in,  i.  387. 

Spallanzani,  on  feral  rabbits  in  Li- 
pari,  i.  118;  ezperimeots  on  sala- 
manders, ii.  283,  357,  358  ;  -experi- 
ments in  feeding  a  pigeon  with  meat, 
ii.  294. 

Spaniels,  in  India,  i.  39 ;  King  Chnrlcs'jt, 
i.  43  ;  degeneration  of,  caused  by  in- 
terbreeding, ii.  100. 

Spanish  fowls,  i.  237,  263, 268 ;  figured, 
i.  238 ;  early  development  of  sexual 
characters  in,  i.  263  ;  furculum  of, 
figured,  i.  281. 

Species,  difliculty  of  distinguishing 
from  varieties,  i.  4 ;  conversion  of 
varieties  into,  i.  5 ;  origin  of,  by 
natural  selection,  ii.  410 ;  by  mutual 
sterility  of  varieties,  ii.  169-172. 

Spencer,  Lord,  on  selection  in  breeding, 
ii.  179. 

Spencer,  Herbert,  on  the  "  survival  of 
the  fittest,"  i.  6  ;  iDcrea.He  of  fertility 
by  domestication,  ii.  89 ;  on  life,  ii. 
130,  161  ;  changes  proiluced  by  ex- 
ternal conditions,  ii.  270 ;  effects  of 
use  on  organs,  ii.  286 ;  ascent  of  the 
sap  in  trees,  iV^k/.  ;  correlation  ex- 
emplified in  the  Irish  elk,  ii.  327,  328 ; 
on   "physiological   vnits,**   ii.    370; 
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SlAMLX?.  f  .-"Tz^zi-i  f.i  miim^ntarr, 
::.  :*-7:  ci-ver-i  n  <■■!*  iat.-  pistils,  L 
-►Sc*:   iz.t'-  p^t3u5,  ii.  o^o. 

Stijh^Ut,  ii.  IVi. 

STiiENSTEiP.  Prof.,  f  n  the  d.-c  of  the 
I>aai>h  Milien<,  i.  IS;  on  the  oh- 
li|tii:T  ordounler<,  ii.  'JJ?. 

Steisan,  J.,  on  herr-iitarr  Jiseasc-S  L 
401.  ii.  5.'>. 

Stephens,  J.  F.,  on  the  habits  of  the 
Ii<.mbycii«,  i.  204. 

SrERiLixr,  in  dogs,  consequent  on  close 
confinement,  i.  33  ;  comp.iratire,  of 
crosses,  ii.  82,  83 ;  from  changed 
conditions  of  life,  ii.  l.;0-149;  oc- 
curring in  the  descendants  of  wild 
animaN   hr^  1    in   captivity,   ii.    143; 
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Stccdl  l«j-ranas>:«  ia.  L  4'>7  :  etf«ct 
*i  cpsaoif,  ^?**  ^^  ek4ccr  of  th< 
»»i  fC  L  4^ ;  trw  br  wed.  L  463; 
crosses  «£.  xL  71 :  raxiTtiec  cfl  prc- 
{^Brei  W  i«I«ctk«.  iL  204 :  rerer^k* 
'WT  ii«  cf5<r  secis  m  tke  pods  cC  iL 

Sr..>3TV?T,    H'X-GTI,    dirtv-t    act::<B    ©f 

j«:-.-t^  i_  4.>I. 
ST^r^ss.  Prvfl-  c^calati  -n  of  the  cIubcc 

<f  trxa^ri^si-ie  of  aJbcrxnaJ  peculi- 

aritiTS  La  CIS.  L  44?. 
ST*>Li?y».  viriAti»>n5  ia   the  projacli-^o 

*:L.  rr  itrawberrie*.  L  375. 
Stc^xach,  structure  of  the,  A5ect«fi  br 

fL»v*   •:    ■^•<i-^ 

St':>xe  ia  she  V\i  Ur,  herel.tarr.  L  4,'v2, 
iL  5o. 

Stoxehexge,  .-n  m^toritv  of  the  doj;. 
i.  S*? :  inhtrite-i  effects  of  injnrr,  L 
470:  crcfi  betireea  bulIdo|:  aoJ 
irreyh'^unl,  iL  65;  close  interbreed- 
ing cf  greyhoun-i,  iL  100;  ri<^tn<*s 
i'i  race-horse*.  iL  229. 

Storee,  J^  pedigree  of  cattle,  iL  9^. 

Strawberries,  L  372-376:  remark- 
able varieties  of,  L  374,  375;  haut- 
b-ns  diopci'-'U'^  i.  375 ;  selection  in,  iL 
184;  probable  further  modincatioa 
of.  ii.  229 ;  variegated,  eflect^  of  soil 
on,  iL  263. 

Strickland,  A.,  on  the  domestication 
o(  Armer  fcrus,  i.  303;  on  thf»  colour 
of  the  bill  and  leg-i  in  geese,  i.  3«1^4. 

Stricimns,  i.  192. 

Stripes  on  young  of  wild  swine,  i.  8^  ; 
of  domestic  pigs  of  Turkey.  West- 
phalia, and  the  Zambesi,  •/>/</. ;  of 
feral    swine  cf    .Tamaica   and     Kern 
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GranadA,  i.  81 ;  of  fruit  and  flowers, 

i.  430,  iL  11 ;  in  horses,  i.  58-63 ;  in 

the  ass,  i.  66,  67  ;  prod  action  of,  hv 

crossing  species  of  £quid«,  ii.  16,  17. 
Strix  graUaria,  ii.  292. 
atrix  passerinOy  ii.  137. 
"  Stbupp-Taube,"  i.  163. 
Stbuthers,  D.,  osteology  of  the  feet  in 

solid-hoofed   pigs,   i.   78;    on  poly- 

dactylism,  i.  457,  458. 
Sturm,  prepotency  of  transmission  of 

characters  in  sheep  and  cattle,  ii.  41 ; 

absorption  of  the  minority  in  crossed 

races,  ii.  65;  correlation  of  twisted 

horns  and  curled  wool  in  sheep,  ii. 

318. 
Sub-species,  wild,  of  Coiumba  livia  and 

other  pigeons,  i.  214. 
Succession,  geological,  of  organisms,  i. 

11. 
SuCKEBS,  bud-variation  by,  i.  409. 
SUOAB-CANE,   sterility   of,    in   various 

countries,  ii.  1 53 ;  sporting  of,  i.  410 ; 

white,  liability  of,  to  disease,  ii.  213, 

330. 
Suicide,  hereditary  tendency  to,  i.  451, 

ii.  55. 
SuLlVAN,  Admiral,  on  the  horses  of  the 

Falkland  Islands,  i.  55 ;  wild  pigs  of 

the  Falkland  Islands,  i.  80 ;  feral  cattle 

of  the  Falkland  Islands,  i.  89,  96; 

feral  rabbits  of  the  Falkland  Islands, 

i.  117. 
Sultan  fowl,  i.  240,  267. 
Sxi8  indicus,  i.  68,  70-72,  ii.  89. 
Sua  plidccps  (figuied),  i.  72. 
Sua  acrofa,  i.  68,  69,  ii.  89. 
Sua  icro/a  patuatria^  i.  71. 
Sua  aennanenaia,  i.  71. 
Sua  vittatua,  i.  70. 

Swallows,  a  breed  of  pigeons,  i.  64. 
Sweet  peas,  ii.  68;  crosses  of,  ii.  71  ; 

varieties  of,  coming  true  by  seed,  i. 

463 ;  acclimatisation  of,  in  India,  ii. 

302. 
Sweet  William,  bud-variation  in,  i.  406. 
SwiNliOE,  R.,   on  Chinese   pigeons,   i. 

1.55,  216  ;  on  striped  Chinese  horses, 

i.  61 ;  ou  the  japanned  peacock,  i.  30G. 
Switzerland,  ancient  dogs  of,  i.  19; 

pigs  of,  in  the  Neolithic  period,  i.  71 ; 

goats  of,  i.  105. 
Sycamore,  palc-lcavcd  variety  of  the, 

ii.  324. 


Svkes,  Colonel,  on  a  pariah  dog  with 
crooked  legs,  i.  17 ;  on  small  Indian 
asses,  i.  65  ;  on  Gallua  aonneratiiy  i. 
245 ;  on  the  voice  of  the  Indian  Kulm 
cock,  i.  272 ;  fertility  of  the  fowl  in 
most  climates,  ii.  144. 

Symmetry,  hereditary  departures  from, 
i.  456. 

Symphytum,  variegated,  i.  410. 

Syphilis,  hereditary,  ii.  325. 

Syria,  asses  of,  i.  65. 

Syririfa  peraica,  chinenaUy  and  tuljaria, 
ii.  148. 

Tacitus,  on  the  care  taken  by  the  Celts 

in  breeding  animals,  ii.  187. 
Tagetea  aiyryata,   dwarf  variety  of,   i. 

463. 
Tahiti,  varieties  of  cultivated  plants 

in,  ii.  243. 
Tail,  never  curled  in  wild  animals,  ii. 

291;  rudimentary  in  Chinese  sheep, 

ii.  306. 
Tail-featuers,  numbers  of,  in  breeds 

of  pigeons,  i.  167,  168;  peculiarities 

of,  in  cocks,  i.  267  ;  variability  of,  in 

fowls,  i.  270 ;  curled,  in  Anaa  boachaaj 

and  tame  drakes,  i.  295. 
Tait,  Lawson,  presence  of  hairs   and 

teeth  in  ovarian  tumours,  ii.  365. 
Talent,  hereditary,  i.  451. 
Tankeryille,  Earl  of,  on  Chillingham 

cattle,  i.  88,  ii.  97. 
Tanner,  Prof.,  effects  of  disuse  of  parts 

in  cattle,  ii.  289. 
Tapik,  sterility  of  the,  in  captivity,  ii. 

133. 
Targioni-Tozzetti,      on      cultivated 

plants,  i.  323;  on  the  vine,  i.  352; 

varieties  of  the  peach,  i.  363 ;  origin 

and   varieties   of  the  plum,  i.  367; 

origin  of  the  cherry,  i.  368 ;  origin 

of  roses,  i.  390. 
Tarbus,  variability  of  the,  in  fowls,  i. 

272 ;  reproduction  of  the,  in  a  thru.>>h, 

ii.  358. 
Tartars,  their  preference  for  spiral- 
horned  sheep,  ii.  194. 
Tavernier,  abundance  of  pigeons   in 

Persia,  i.  215. 
Taxua  baocatOy  i.  461. 
Taylor,  Mr.,  potato-grafting,  i.  420. 
Teebay,  Mr.,  reversion  in  fowls,  ii.  12. 
Teeth,  number  and  position  of,  in  dogs, 
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i.  35 ;  deficiency  of,  in  naked  Turkish 
dogs,  i.  36 ;  period  of  appearance  of, 
in  breeds  of  dogs,  iWrf. ;  precocity  of, 
in  highly-bred  animals,  ii.  313;  cor- 
relation of,  with  hair,  ii.  319  ;  double 
row  of,  with  redundant  hair,  in  Julia 
Pastrana,  ii.  321  ;  affected  in  form 
by  hereditary  syphilis  and  by  pulmo- 
nary tubercle,  ii.  325;  developed  on 
the  palate,  ii.  385. 

Tegetmeier,  Mr.,  on  a  cat  with  mon- 
strous teeth,  i.  50 ;  on  a  swift-like 
pigeon,  i.  165;  on  sexual  colours,  i. 
i70;  naked  young  of  some  pigeons, 
i.  179  ;  fertility  of  hybrid  pigeons,  i. 
201;  on  white  pigeons,  ii.  215;  re- 
version in  crossed  breeds  of  fowls,  i. 
251-256;  chicks  of  the  white  silk- 
fowl,  i.  261 ;  development  of  the 
cranial  protuberance  in  Polish  fowls, 
i.  26:2;  on  the  skull  in  the  Polish 
fowl,  i.  268,  275 ;  on  the  intelligence 
of  Polish  fowls,  i.  276;  correlation 
of  the  cranial  protuberance  and  crest 
in  Polish  fowls,  i.  289 ;  development 
of  the  web  in  the  feet  of  Polish  fowls, 
i.  272 ;  early  development  of  several 
peculiarities  in  Spanish  cocks,  i.  263  ; 
on  the  comb  in  Spanish  fowls,  i.  266 ; 
on  the  Spanish  fowl,  ii.  296  ;  varieties 
of  game-fowls,  i.  264;  pedigrees  of 
game-fowls,  i.  447 ;  as>umption  of 
female  plumage  by  a  game-cock,  i. 
26.') ;  natural  selection  in  the  game- 
cock, ii.  210;  pugnacity  of  game- 
hens,  i.  268 ;  length  of  the  middle 
toe  in  Cochin  fowls,  i.  272;  origin  of 
the  Sebright  bantam,  ii.  29 ;  differ- 
ences in  the  size  of  fowls,  i.  270; 
effect  of  crossing  in  fowls,  iW. ;  ii. 
74  ;  effects  of  interbreeding  in  fowls, 
ii.  105, 106  ;  incubation  by  monp-els 
of  n(>n-sittin«j  races  of  fowls,  ii.  18; 
inverse  correlation  of  crest  and  comb 
ill  fowls,  i.  288;  occurrence  of  j)en- 
cilknl  feathers  in  fowls,  ii.  14;  on  a 
variety  of  the  goose  from  Sebastopol, 
i.  304;  on  tiie  fertility  of  the  ja-a- 
hon,  ii.  01 ;  on  the  intercrossing  of 
bees,  ii.  l07. 

Tkmminck,  origin  of  domestic  cats,  i.  46; 
origin  of  domestic  pigeons,  i.  189  ;  on 
Coiumba  tjuiiwa^  i.  192 ;  on  Coluniba 
Icucocephah^    ibid. ;    a.s.>crtcd    reluc- 


tance of  some  breeds  of  pigeoiu  to 
cross,  i.  202;  sterility  of  hybrid 
turtle-doves,  i.  203;  rariatioDs  of 
Gailus  bankiooj  i.  247 ;  on  a  boff- 
coloured  breed  of  turkeys,  L  309; 
number  of  eggs  laid  by  the  peahen, 
ii.  91 ;  breeding  of  guans  in  captirity, 
ii.  139;  behaviour  of  grease  in  cap- 
tivity, ibid, ;  sterility  of  the  partridge 
in  captivity,  ^nd. 

Tendrils  in  Cucurbitacev,  i.  381,  ii. 
306. 

Tennent,  Sir  J.  E.,  on  the  goose,  i. 
302 ;  on  the  growth  of  the  apple  in 
Ceylon,  ii.  266 ;  on  the  Jafina  sheep, 
ii.  292. 

Teredo,  fertilisation  in,  iL  356. 

Terriers,  wry-legged,  ii.  232 ;  white, 
subject  to  distemper,  ii.  330. 

Teschemacher,  on  a  husked  form  of 
maize,  i.  339. 

Tessier,  on  the  period  of  gestation  ot 
the  dog,  i.  30 ;  of  the  pig,  i.  77  ;  in 
cattle,  i.  90;  experiments  on  change 
of  soil,  ii.  129. 

Tetrao,  breeding  of  species  of,  in  capti- 
vity, ii.  139. 

Tctrapteryx  paradisea,  ii.  140. 

Tcucrium  canipanulatun,  pelorism  in,  iu 
337. 

Texas,  feral  cattle  in,  i.  89. 

TuEOGNis,  his  notice  of  the  domestic 
fowl,  i.  258. 

Theophrastus,  his  notice  of  the  peach, 
ii.  299. 

Thesiuniy  ii.  274. 

TuoiirsON,  Mr.,  on  the  peach  and  nec- 
tarine, i.  363  ;  on  the  varieties  of  the 
apricot,  i.  365 ;  classification  of  varie- 
ties of  cherries,  i.  369  ;  on  the  ** Sister 
ribston  -  pippin,"  i.  372;  on  the 
varieties  of  the  gooseberrv,  i.  376, 
377. 

Tnoiirsox,  William,  on  the  pigeons  of 
Jslay,  i.  193;  feral  pigeons  in  Soot- 
land,  i.  199  ;  colour  of  the  bill  and 
legs  in  geese,  i.  304  :  bree<ling  <»f 
Tctrao  Sivtius  in  captivity,  ii.  1:59; 
destruction  of  black  fowls  by  th»* 
osprey,  ii.  215. 

Thous,  grafting  of  early  and  bte,  i. 
386  ;  Glastonbury,  i.  387. 

Thorns,  reconversion  of,  into  branches, 
in  pear  trees,  ii.  310. 
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TiiRUFH,  asserted  reproduction  of  the 

tarsus  in  a,  ii.  358. 
TJiuja  pendula  or  jiliformis,  a  variety  of 

T.  orientalis,  i.  386. 
TiiURKT,  on  the  division  of  the  zoospores 

of  an  alga,  ii.  372. 
TiiWAiTES,  G.  H.,  on  the  cats  of  Ceylon, 

i.  48 ;  on  a  twin  seed  of  FvcJisia  coc- 

cinea  and  fuIgenSf  i.  426. 
TiBURTius,  experiments  in  rearing  wild 

ducks,  i.  292. 
Tiger,  rarely  fertile   in   captivity,  ii. 

133. 
Tigridia  conchi flora,  bud- variation  in,  i. 

412. 
Time,  importance  of,  in  the  production 

of  races,  ii.  230. 
TiNZMANNT,  self-impotence  in  the  potato, 

ii.  118. 
Tissues,  affinity  of,  for  special  organic 

substances,  ii.  375. 
Titmice,   destructive    to    thin-shelled 

walnuts,  i.  379  ;  attacking  nuts,  Wid.; 

attacking  peas,  ii.  216. 
ToBACCX),    crossing     of    varieties     of, 

ii.  87;  cultivation  of,  in  Sweden,  ii. 

298. 
TouoLSK,  red-coloured  cats  of,  i.  40. 
Toes,  relative  length   of,  in  fowls,  i. 

272 ;  development  of  fifth,  in  dogs,  ii. 

309. 
ToLLET,  Mr.,  his  selection  of  cattle,  ii. 

183. 
Tomato,  ii.  68. 

Tomes,  inheritance  of  dental  malforma- 
tions, i.  452. 
Tomtits.    See  Titmice. 
Tongue,  relation  of,   to   the    beak   in 

pigeons,  i.  77. 
Tooth,  occurrence  of  a  moHr,  in  place 

of  an  incisor,  ii.  385. 

"  TORFSCHWEIN,"  i.  71. 

Trail,  U.,  on  the  union  of  half-tubers 
of  different  kinds  of  potatoes,  i. 
420. 

Trefs,  varieties  of,  suddenly  pioduced, 
i.  384;  weeping  or  pendulous,  i.  385; 
fastigate  or  pyramidal,  ibid,  ;  with 
variegated  or  changed  foliage,  ifjid.  ; 
early  or  late  in  leaf,  i.  386 ;  forest, 
nun-application  of  selection  to,  ii. 
223. 

"Trembletr**  (pigeons),  i.  153. 


Trembley,  on  reproduction  in  Hydra, 
ii.  352. 

"Trevoltini"  silkworms,  i.  318,  319. 

Tricfiosanthes  anguina,  i.  383. 

Tricks,  inheritance  of,  i.  450, 451. 

THfoUnm  minus  and  rrpens,  ii.  147. 

Trimorphic  plants,  conditions  of  repro- 
duction in,  ii.  165-169. 

Tristram,  H.  B.,  selection  of  the  drome- 
dary, ii.  190. 

Tnticum  dicoccum^  i.  337. 

Triticum  monococcumj  i.  337. 

Tnticum  spcita,  i.  337. 

JViticwn  turgidum,  i.  337. 

Tt^ticum  mdgare,  wild  iu  Asia,  i.  330. 

Triton,  breeding  in  the  branchiferoos 
stage,  ii.  379. 

"  Trommel-Taube,**  i.  162. 

"Tronfo"  pigeon,  i.  151. 

Tropceoium,  ii.  11. 

Tropopoium  minus  and  m^^jus^  reversion 
in  hybrids  of,  i.  425. 

Troubetzkot,  Prince,  experiments 
with  pear-trees  at  Moscow,  ii.  297. 

Trousseau,  Prof.,  pathological  resem- 
blance of  twins,  ii.  239. 

Trumpeter  pigeon,  i.  162;  known  in 
1735,  i.  217. 

Tbcharner,  H.  a.  de,  graft-hybrid  pro- 
duced by  inosculation  in  the  vine,  i. 
419. 

Tschudi,  on  the  naked  Peruvian  dog, 
i.  24;  extinct  varieties  of  maize 
from  Peruvian  tombs,  i.  338,  ii. 
421. 

Tubers,  bud-variation  by,  i.  409-411. 

TUCKERMAN,  Mr.,  sterility  of  Carex 
rigidaj  ii.  154. 

Tufted  ducks,  i.  295. 

TUUPS,  variability  of,  i.  394 ;  bud-vana- 
tion  in,  i.  411,412;  influence  of  soil 
in  "breaking,"  i.  411. 

Tumbler  pigeon,  i.  156-161 ;  short- 
fiiced,  figured,  i.  160;  skull  figured, 
i.  172;  lower  jaw  figured,  i.  173; 
scapula  and  furculum  figured,  i.  176  ; 
early  known  in  India,  i.  217  ;  history 
of,  i.  219;  sub-breeds  of,  i.  230; 
young,  unable  to  break  the  egg-shell, 
ii.  211 ;  probable  further  modification 
of,  ii.  229. 

"Tummler"  (pigeons),  i.  156. 

Tumours,  ovarian,  occurrence  of  hairs 
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I 
and  teeth  in,  ii.  3G5 ;  pol3rpoid,  origin 

of,  ii.  377. 

TURBIT  (pigeon),  i.  156,  219. 

TaRKET,  domestic  origin  of,  i.  308; 
crossing  of,  with  North  AnK'rican  wild 
turkey,  i.  308,  309 ;  breeds  of,  i.  308; 
crested  white  cock,  i.  309 ;  wild,  cha- 
racters of,  i.  309,  310 ;  degeneration 
of,  in  India,  i.  310;  ii.  267;  failure 
of  eggs  of,  in  Delhi,  ii.  145 ;  feral,  on 
the  Parana,  i.  199 ;  change  produced 
in,  by  domestication,  ii.  250. 

Turkey,  striped  young  pigs  in,  i.  80. 

"  TURKISCHE  TaDBE,"  i.  146. 

Turner  (pigeon),  i.  164. 
Turner,  C,  on  the  hollyhock,  i.  86. 
Turner,  W.,  on  cells,  ii.  366. 
Turnips,  origin  of,  i.  34-1 ;  reversion  in, 

ii.  5  ;  run  wild,  ii.  7 ;  crosses  of,  ii.  71, 

74;  Swedish,  preferred  by  hares,  ii. 

217  ;  acclimatisation  of,  in  India,  ii. 

302. 
Turnspit,  on  an  Egyptian  monument, 

i.  17  ;  crosses  of  the,  it.  70. 
Turtle-dove,    white    and    colour««l, 

crossing  of,  ii.  70. 
Turtur   auritiiSj    hybrids   of,   with     T. 

catnbat/ensis     and     T,    sui'atcnsiSf    i. 

203. 
Turtur  risoriuSj  crossing  of,  with   the 

common  pigeon,  i.  202 ;  hybrids  of, 

with  T.  vulgaris,  ibid. 
Turtur  suratensiSy   sterile   hybrids  of, 

with  7'.  vulgaris,  i.  203 ;   hybrids  of, 

with  T.  auritus,  ibid. 
Turtur  vulgaris,  crossing  of,  with  the 

common  pigeon,  i.  203 ;    hybrid  of, 

with  T.  risorius,  ibid.  ;  sterile  hybrids 

of,  with  T.  suratcnsis  and  Ectopisiet 

migratorius,  ibid. 
Tusks  of  wild  and  domesticated  pigs,  i. 

79,  80. 
Tussilago  farfara,  variegated,  i.  410. 
Twin-seed    of    Fudisia    coccinea    and 

fulgens,  i.  426. 
Tyerman,  B.,  on  the  pigs  of  the  Pacific 

Islands,  i.  73,  ii.  64 ;  on  the  dogs  of 

the  Pacific  Islands,  i^tid. 
TvLOR,  Mr.,  on  the  prohibition  of  con- 
sanguineous marriages,  ii.  103. 

(Jdders,  development  of  the,  ii.  200. 
Wlex,  double-flowered,  il.  151. 


Uimusoampestris  and  effusoj  hybrids  of^ 

ii.  111. 
UNiFORMmr  of  character,  maiataiaed 

bj  crossing,  ii.  63-67. 
Units  of  the  body,  fnnctio&al  iniepead- 

ence  of  the,  ii.  364-366. 
Unitt  or  plurality  of  origin  of  organisms 

i.  13. 
Urea,  secretion  of,  ii.  375. 
Use  and  disuse  of  parts,  effects  of,  ii.  28j, 

293,  345,  346, 413, 414 ;  in  rabbits,  L 

129-134;  in  dacks,  i.  299-301. 
Utility,  considerations  of,  leading  to 

uniformity,  ii.  227. 

Valentin,  experimental  production  of 
double  monsters  by,  iL  3d5. 

Valhta,  ii.  121. 

Van  Beck,  Barbara,  a  hairy-faced 
woman,  i.  448. 

Van  Mons,  on  wild  fruit-trees,  L  329, 
ii.  248 ;  production  of  varieties  of  the 
vine,  i.  353 ;  correlated  variability 
in  fruit-trees,  ii.  324;  production  of 
almond-like  fruit  by  peach-seedlio^ 
i.  359. 

]'aness<i,  species  of,  not  copulating  in 
captivity,  ii.  141. 

Variability,  i.  4,  ii.  366-369,388-390, 
401-416 ;  causes  of,  iL  237-255 ;  cor- 
related, ii.  311-332,  346,  347,  415, 
416;  law  of,  equable,  ii.  344,  345; 
necessity  of,  for  selection,  ii.  174; 
of  selected  characters,  ii.  225;  of 
multiple  homologous  parts,  iL  334. 

Variation,  laws  of,  ii.  283-348 ;  con- 
tinuity of,  ii.  227  ;  p<»sible  limita- 
tion of,  ii.  228,  413,  414  ;  in  domestic 
cats,  i.  47-50 ;  origin  of  breeds  of 
cattle  by,  i.  91 ;  in  usteological  cha- 
racters of  rabbits,  i.  120-136;  of 
important  organs,  i.  382  ;  analogous 
or  parallel,  i.  340-343  ;  in  horses,  L 
58 ;  in  the  horse  and  ass,  L  67 ;  in 
fowls,  i.  255-258 ;  in  geese,  i.  303 ; 
exemplified  in  the  production  of 
fleshy  stems  in  cabbages,  &C.,  i.  344 ; 
in  the  peach,  nectarine,  and  apricot, 
i.  363,  365 ;  individual,  in  wheat,  L 
331. 

Variegation  of  foliage,  i.  409,  iL  151. 

Varieties  and  species,  resembian6e  of, 
i.  4,  ii.  406-408  ;  conversion  of,  int«» 
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species,  i.  5 ;  abnormal,  ii.  409 ; 
domestic,  gradually  produced,  ii.  411. 

Vaero,  on  domestic  ducks,  i.  29 1 ;  on 
feral  fowls,  ii.  7  ;  crossing  of  the 
wild  and  domestic  ass,  ii.  190. 

ViiSEY,  Mr.,  on  the  number  of  sacral 
Tcrtebrse  in  ordinary  and  humped 
cattle,  i.  83  ;  on  Hungarian  cattle,  i. 
84. 

Vaucher,  sterility  of  Jianuncultu 
ficaria  and  Acorns  ccUainuSj  ii.  154. 

Vegetables,  cultivated,  revei-sion  in, 
ii.  7  ;  European,  culture  of,  in  India, 
ii.  152,  153. 

Vkith,  Mr.,  on  breeds  of  horses,  i. 
51. 

Verhascum,  intercrossing  of  species  of,  i. 
356,  ii.  71,  83-85;  reversion  in  hy- 
brids of,  i.  425;  self-sterility  of,  ii. 
118;  contabescent,  wild  plants  of,  ii. 
149;  villosity  in,  ii.  267. 

Verbaacum  austriaciun,  ii.  117. 

T>r6a9cam  blattariay  ii.  83,  84. 

Verbaacum  lyc'tnitis,  ii.  83,  84,  117. 

Verbcucwn  nigrunij  ii.  117. 

Verbascum  phomiceum,  ii.  85^1 18 ;  vari- 
able duration  of,  ii.  295. 

Verbaacum  thapsuSf  ii.  84,  118. 

Verbenab,  origin  of,  i.  388 ;  white, 
liability  of,  to  mildew,  ii.  213,  330; 
flcorching  of  dark,  ii.  214, 330 ;  effect 
of  changed  conditions  of  life  on,  ii. 
263. 

Verlot,  on  the  dark-leaved  barberry, 
i.  385;  inheritance  of  peculiarities 
of  foliage  in  trees,  ibid.;  produc- 
tion of  Jioaa  cannabifoiia  by  bud-vari- 
ation from  /?.  alba,  i.  406;  bud- 
rariation  in  Aralia  trifoHata,  i.  408 ; 
variegation  of  leaves,  t&u/. ;  colours 
of  tulips,  i.  412;  uncertainty  of  in- 
heritance, i.  461;  persistency  of 
white  flowers,  i.  46:*. ;  peloric  flowers 
otLtnaria,  ii.  32;  tendency  of  striped 
flowers  to  uniformity  of  colour,  ii.  46; 
non-intercrossing  of  certain  allied 
plants,  ii.  68  -sterility  of  Primuloi  with 
coloured  calyces,  ii.  150 ;  on  fertile 
proliferous  flowers,  ibid. ;  on  the  Irish 
yew,  ii.  228 ;  differences  in  the  Cu" 
mcllioy  ii.  238 ;  effect  of  soil  on  the 
variegated  strawberry,  ii.  263 ;  cor- 
relate variability  in  plants,  ii.  324. 


Verruca,  ii.  28,  394. 

VERTEBRiE,  characters  of,  in  rabbits,  i. 
126-128;  in  ducks,  i.  297,  298; 
number  and  variations  of,  in  pigeons, 
i.  174,  175;  number  and  characters 
of,  in  fowls,  i.  279-281 ;  variability 
of  number  of,  in  the  pig,  i.  77. 

Vertucii.     See  Putsche. 

"  Verugas,"  ii.  266. 

Vespdcius,  early  cultivation  in  Brazil, 
i.  329. 

Vibert's  experiments  on  the  cultiva- 
tion of  the  vine  from  seed,  i.  352. 

Viburnum  opuius,  ii.  169,  307. 

Vicia  saliva,  leaflet  converted  into  a 
tendril  in,  ii.  386. 

Vicunas,  selection  of,  ii.  192. 

ViLLOSiTy  of  plants,  influenced  by  dry- 
ness, ii.  267. 

ViLMORiN,  cultivation  of  the  wild 
carrot,  i.  344,  ii.  267 ;  colours  of 
tulips,  i.  412;  uncertainty  of  in- 
heritance in  balsams  and  roses,  i. 
4t'l ;  experiments  with  dwarf  varie- 
ties of  Saponaria  caiabrica  and  Tagetes 
signata,  i.  463  ;  reversion  of  flowers 
by  stripes  and  blotches,  ii.  11  ;  on 
variability,  ii.  250. 

Vinca  minor,  sterility  in,  ii.  154. 

Vine,  i.  352-354;  parsley-leaved,  re- 
version of,  i.  408 ;  graft-hybrid  pro- 
duced by  inosculation  in  the,  i.  419  ; 
disease  of,  influenced  by  colour  of 
grapes,  ii.  213,  214;  influence  of 
climate,  &c.,  on  varieties  of  the,  ii. 
267 ;  diminished  extent  of  cultiva- 
tion of  the,  ii.  298 ;  acclimatisation 
of  the,  in  the  West  Indies,  ii.  304. 

Vioh,  species  of,  i.  391. 

Viola  lutea,  diflerent  coloured  flowers 
in,  i.  440. 

Viola  tricolor,  reversion  in,  ii.  4,  22. 

ViRCUOW,  Prof.,  on  the  growth  of 
bones,  ii.  2ft4,  377 ;  on  cellular  pro- 
lification,  ii.  85 ;  independence  of 
the  elements  of  the  body,  ii.  364  ;  on 
the  cell-theory,  ii.  360  ;  presence  of 
hair.H  and  teeth  in  ovarian  tumours, 
ii.  365 ;  of  hairs  in  the  brain,  ii. 
38o  ;  special  affmities  of  the  tissues, 
ii.  375 ;  origin  of  polypoid  excres- 
cences and  tumours,  ii.  377. 

Virgil,  on  the  selection  of  seed  corn,  i 
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336^  ii.  187  ;  of  cattle  and  sheep,  ii. 
186. 

Virginian  Islands,  ponies  of,  i.  54. 

Vision,  hereditary  peculiarities  of,  i. 
452,  453 ;  in  amphibious  animals,  ii. 
208  ;  varieties  of,  ii.  290 ;  affections 
of  organs  of,  correlated  with  other 
peculiarities,  ii.  321. 

rUis  vinifera,  i.  352-354,  399. 

Viverraf  sterility  of  species  of,  in  cap- 
tivity, ii.  134. 

VoQEL,  varieties  of  the  date  palm,  ii. 
243. 

VooT,  on  the  indications  of  stripes  on 
black  kittens,  ii.  .30. 

Voice,  diHerenccs  of,  in  fowls,  i.  272 ; 
peculiarities  of,  in  ducks,  i.  296 ;  in- 
heritance of  peculiarities  of,  i.  450, 

VoLZ,  on  the  history  of,  the  dog,  L  7  7  ; 
ancient  history  of  the  fowl,  i.  258 ; 
domestic  ducks  unknown  to  Aristotle, 
i.  292 ;  Indian  cattle  sent  to  Mace- 
donia by  Alexander,  ii.  186  ;  mention 
of  mules  in  the  Bible,  ii.  186; 
history  of  the  increase  of  breeds,  ii. 
231. 

Vox  Berg,  on  Vcrbascum  pJusniceumj 
ii.  293. 

VoouiiELM,  O.,  his  knowledge  of  hya- 
cinths, i.  39.'),  ii.  238. 

Vholik,  Prof,  on  polydactylism,  I. 
457;  influence  of  the  shape  of  the 
mother's  pelvis  on  her  child's  head, 
ii.  336. 

Wadk,   drooping   eyelids   transmitted, 

i.  452. 
Wadeus,  bthaviour  of,  in  confinement, 

ii.  140. 
Wagner,    Moritz,   oriental   dogs,    ii. 

222. 
WAMLExnORf),   on  the  propagation  of 

Alpine  jilants  by  buds,  runners,  bulbs, 

&c.,  ii.  15+. 
"  Wahlverwandisciiaft "of Gartner, 

ii.  104. 
\V\\Lf:s,  white  r.ittle  of,  in  the  tenth 

century,  i.  80. 
Walker,  A.,  on  intermarriage,  i.  436; 

on  the  inheritance  of  polydactylism, 

i.  4:>8. 
Walker,  D.,  advantage  of  change  of 

soil  to  wheat,  ii.  1*28. 


Walker,  R.,  reversion  in  cattle,  ii.  8. 

Wallace,  A.  R.,  on  the  multiple  origin 
of  the  dog,  i.  27 ;  on  a  striped 
Javanese  horse,  i.  6 1 ;  on  the  condi- 
tions of  life  of  feral  animals,  ii.  6; 
artificial  alteration  of  the  plumage 
of  birds,  ii.  269  ;  on  polymorphic 
butterflies,  ii.  394 ;  on  reversion,  iL 
41 1 ;  on  the  limits  of  change,  ii.412. 

Wallace,  Dr.,  on  the  sterility  of 
Sphingidae  hatched  in  anturon,  ii 
141. 

Wallachian  sheep,  sexoal  pecnliari- 
ties  in  the  horns  of,  i.  99. 

Wallflower,  bud-variation  in,  i.  407. 

Waluch,  Dr.,  on  l^huja  pendmla  or 
filiformis,  i.  386. 

Walnutb,  i.  379,  380;  thin-shelled, 
attacked  by  tomtits,  L  379 ;  iL  216 ; 
grafting  of,  ii.  247. 

Walsh,  B.  D.,  on  attacks  of  insects,  u 
371;  on  galls,  ii.  272,  273;  hi* 
"Law  of  equable  variability,"  ii. 
344,  345. 

Waltiier,  F.  L.,  on  the  historj-  of  the 
dog,  i.  17 ;  on  the  intercrossing  cf 
the  zebu  and  ordinary  cattle,  i.  87. 

Warinq,  Mr.,  on  individual  sterility, 
ii.  146. 

Waterer,  Mr.,  spontaneous  produc- 
tion of  Cytisua  afpino-la'ntmumj  i. 
416. 

Wateriiol'SF^  G.  R.,  on  the  winter- 
colouring  of  Lepua  mriibUis^  i.  115. 

Waterton,  C,  production  of  taille>s 
foals,  i.  56  ;  on  taming  wild  ducks, 
i.  292  ;  on  the  wildness  of  h.ilf  brt^ 
wild  ducks,  ii.  20 ;  assumption  of  male 
characters  by  a  hen,  ii.  26. 

Watson,  H.  C,  on  British  wild  fruit- 
trees,  i.  329  ;  on  the  non-variation  of 
weeds,  i.  335  ;  origin  of  the  plum,  i. 
366 ;  variation  in  Pyrus  malux,  L 
370  ;  on  Viola  amotna  and  trkxfhr^  i. 
392 ;  on  reversion  in  Scotch  kail,  iL 
35  ;  fertility  of  Draha  sylvestris  when 
cultivated,  ii.  147 ;  on  generally 
distributed  British  plants,  ii.  275. 

Wattlfs,  rudimentary,  in  some  fowls, 
ii.  306. 

Watts,  Miv,  on  Sultan    fowls,  i.  240. 

Webb,  Jonas,  interbreeding  of  she«>p, 
ii.  98. 
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Webe%  effect  of  the  shape  of  the 
mother's  pel  via  on  her  child's  head, 
ii.  336. 

Wkdderbuhn,  Mr.,  correlation  of 
teeth  and  hair,  ii.  319. 

Weeds,  supposed  necessity  for  their 
modification,  coincidently  with  culti- 
vated plants,  i.  335. 

Weeping  varieties  of  trees,  i.  385. 

Wkepino  habit  of  trees,  capricious  in- 
heritance of,  i.  461,462. 

Weevil,  injury  done  to  stone-fruit  by, 
in  North  America,  ii.  217. 

Weijenbergii,  on  parthenogenesis,  ii. 
356. 

Weir,  IL,  large  litter  of  pigs,  ii.  90. 

Weir,Jenner,  on  the  japanned  pea- 
cock, i.  306  ;  mare  and  quagga,  i. 
435  ;  wildness  of  mule  siskins,  ii.  20. 

Weismann,  Prof.,  reversion  from  un- 
natural conditions,  ii.  25;  isolation, 
ii.  262 ;  dimorphic  butterflies,  ii. 
271  ;  causes  of  variability,  ii.  282. 

Welsh  cattle,  descended  from  Bos  toivji 
fronSf  i.  85. 

West  Indies,  feral  pigs  of,  i.  80;  effect 
of  climate  of,  upon  sheep,  i.  102. 

Western,  Lord,  change  effected  by,  in 
pigs,  i.  82,  101 ;  in  the  sheep,  ii.  182. 

Westphalia,  striped  young  pigs  in,  i. 
80. 

Westwood,  J.  0.,  on  peloric  flowers  of 
Calceolaria^  ii.  338. 

Wetherell,  Mr.,  on  inheritance  of 
mutilations,  i.  466. 

WiiATELY,  Archbishop,  on  grafting 
early  and  late  thorns,  i.  386. 

Wheat,  specific  unity  or  diversity  of, 
i.  329,  330,  3:U,  335  ;  Hasora,  i.  335  ; 
presence  or  absence  of  barbs  in,  i. 
331  ;  Godron  on  variations  in,  ^id. ; 
varieties  of,  i.  331,332;  effects  of 
soil  and  climate  on,  i.  333;  deteriora- 
tion of,  i.  334 ;  crossing  of  varieties  of, 
iVd,  ii.  74,  83,  110;  in  the  Swiss 
lake-dwellings,  i.  335-337 ;  selection 
applied  to,  i.  336,  ii.  184;  increased 
fertility  of  hybrids  of,  with  ^gilops^ 
ii.  88;  advantage  of  change  of 
soil  to,  ii.  128;  differences  of,  in 
various  parts  of  India,  ii.  149;  con- 
tinuous variation  in,  ii.  184;  red, 
hardiness  of,  ii.  215,  330;  Kenton, 


ii.  218;  natural  selection  in,  t'6iii. ; 
varieties  of,  found  wild,  ii.  248; 
effects  of  change  of  climate  on,  ii. 
297  ;  ancient  variety  of,  ii.  425. 

Whitby,  Mrs.,  on  the  markings  of 
silkworms,  i.  318;  on  the  silk  moth, 
i.  319. 

White,  Mr.,  reproduction  of  supernu- 
merary digits  after  amputation,  i. 
459  ;  time  occupied  in  the  blending 
of  crossed  races,  ii.  64. 

White,  Gilbert,  vegetable  diet  of  doi;s, 
ii.  293. 

White  and  white-spotted  animals,  lia- 
bility of,  to  disease,  ii.  330,  331. 

White  flowers,  most  truly  reproduced 
by  seed,  i.  463. 

WicHURA,  Max,  on  hybrid  willows,  ii. 
25,  111,  255;  analogy  between  the 
pollen  of  old-cultivated  plants  and 
of  hybrids,  ii.  256. 

WiCKiNO,  Mr.,  inheritance  of  the  pri- 
mary characters  of  Coluntba  livia  in 
cross-bred  pigeons,  i.  210 ;  production 
of  a  white  head  in  almond  tumblers, 
ii.  183. 

WiCKSTED,  Mr.,  on  cases  of  individual 
sterility,  ii.  146. 

WiEOMANN,  spontaneous  crossing  of 
blue  and  white  peas,  i.  428;  crossing 
of  varieties  of  cabbage,  ii.  110;  on 
contabescence,  ii.  149. 

Wight,  Dr..  sexual  sterility  of  plants 
propagated  by  bu«ls,  &c.,  ii.  153. 

WiLCKENS,  Dr.,  effect  of  previous  im- 
pregnation, i.  436 ;  alpine  breeds,  ii. 
290;  drooping  ears,  ii.  201 ;  correla- 
tion of  hnir  and  horns,  ij.  318. 

Wilde,  Sir  W.  II.,  occurrence  of  Jlos 
frontosus  And  longifrons  \n  Irish  cran- 
noges,  i.  85 1  attention  paid  to  breeds 
of  animals  by  the  ancient  Irish,  ii. 
187. 

Wilder,  Dr.  B.,  on  the  brain  of  dogs, 
i.  35;  supernumerary  digits,  i.  457. 

Wildman,  on  the  dahlia,  ii.  201,  263. 

WiiJ>Nt3SS  of  the  progeny  of  crossei 
tame  animals,  ii.  19,  20. 

WiLKFis,  Capt.,  on  the  taming  of  pi- 
geons among  the  I*oiynesian!(,  ii.  1-44. 

Wilkinson.  J.,  on  orosseil  cattle,  ii.  82. 

Williams,  Mr.,  change  of  plumage  in 
a  Hamburgh  hen,  i.  270. 
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WnuAiu,  Hr.,  intercrossing  of  straw- 
berries, L  374. 

WiLUAM80S,Capt.,  degeneration  of  dogs 
in  India,  L  39 ;  on  small  Indian  asses, 
i.  65. 

WiLUAMSON,  Rer.  W^  doubling  of 
Antinone  ooronaria  by  selection,  iL 
184. 

Willows,  weeping,  i.  385 ;  rerersion  of 
spiral'leared  weeping,  L  408;  hy- 
brids of,  iL  255;  galls  of,  iL  272, 
273. 

WiLLUOiiDT,  F.,  notice  of  spot  pigeons, 
L  164;  on  a  fan  tail  pigeon,  L  218; 
on  tumbler  pigeons,  i.  219 ;  on  the 
turbit,  ibid. ;  on  the  barb  and  carrier 
pigeons,  i.  221 ;  on  the  hook-billed 
duck,  L  291. 

WiLiioT,  Mr.,  on  a  crested  white  Turkey- 
cock,  L  309 ;  reversion  of  sheep  in 
colour,  ii.  3. 

Wilson,  B.  O.,  fertility  of  hybrids  of 
humped  and  ordinary  cattle  in  Tas- 
mania, i.  87. 

Wii^sON,  Dr.,  prepotency  of  the  Manx 
over  the  common  cat,  ii.  41. 

Wilson,  James,  origin  of  dogs,  L  16. 

WiLSOX,  Mr.,  on  prepotency  of  trans- 
mission in  sheep,  ii.  45;  on  the 
breeding  of  bulls,  ii.  180. 

Wings,  proportionate  length  of,  in  dif- 
ferent breeds  of  pigeons,  L  185, 186; 
of  fowls,  effects  of  disuse  on,  i.  284, 
285  ;  characters  and  variations  of,  in 
ducks,  i.  299-301 ;  diminution  of,  in 
birds  of  small  islands,  L  301,  302. 

WiNO-FEATHERS,  number  of,  in  pigeons, 
i.  167 ;  variability  of,  in  fowls,  i. 
271. 

Wolf,  recent  existence  of,  in  Ireland,  i. 
10  ;  burking  of  young,  L  27  ;  hybrids 
of,  with  the  dog,  i.  3i3. 

WoLF-iHXJ,  black,  of  Florida,  i.  2C. 

WoLVfis,  North  American,  their  resem- 
blance to  dogs  of  the  same  region,  i. 
21,  22  ;  burrowing  of,  i.  27. 

WooinJl'RV,  Mr.,  crossing  of  the  Li- 
gurian  and  common  hive  bees,  i. 
;n4,  ii.  107;  variability  of  bees,  L 
:U4. 

\V(¥)DWARD,  S.  1\,  on  .\rctic  Molhisci, 
il.  244. 

Wood,  Wilioigiiby,  rovcr^irn  from  a 


croM,  iL  15 ;  OB  Mr.  Bates*  cattle,  iL 
9o* 

WoOLER,  W.  A.,  OB  the  joang  of  the 
Himalayan  rabbit,  L  1 14 ;  persbtcacr 
of  the  coloured  calyx  in  a  crocsed 
polyanthns,  L  389. 

W0CKD6,  healing  of;  iL  284. 

Wright,  J.,  prodaction  of  crippled 
calves  by  shorthomed  cattle,  iL  97; 
on  selection  in  cattle,  iL  178 ;  effect 
of  dote  inter-breeding  on  pigs,  iL 
101 ;  deterioration  of  game-coclu  by 
close  interbreeding,  iL  105. 

Wrioiit,  Strethill,  on  the  develop- 
ment  of  the  hjxiroida,  ii.  S64. 

Wtmak,  Dr.,  on  Niata  cattle,  and  oa  a 
similar  malformation  in  the  codfi>k, 
L  93;  on  Virginian  pigs,  iL  212; 
browsing  under  water,  iL  294. 

Xrxophon,  on  the  colours  of  hunting 

dogs,  iL  194. 
XllfENES,'Cardinal,  regulations  for  the 

selection  of  rams,  iL  188. 

**  Yahu,*'  the  name  of  the  pigeon  in 
Persia,  i.  KW. 

Yaks,  domestication  of,  i.  8G  ;  selection 
of  white-tailed,  iL  190. 

Yam,  development  of  aiillary  bulb<  in 
the,  iL  153. 

Yarrell,  Mr.,  deficiency  of  teeth  ia 
hairless  dogs,  L  36,  iL  319 ;  on  dm-ks, 
i.  294,  ii.  250;  characters  of  do- 
mestic goose,  resembling  those  cf 
Anaer  albifronSj  i.  303 ;  whitened  of 
ganders,  if>icL ;  variations  in  goM- 
tish,  i.  312,  313  ;  assumption  of  nule 
plumage  by  the  hen-pheasant,  ii.  26; 
effect  of  castration  upon  the  cock,  ii. 
26,  27 ;  breeding  of  the  skyUrk  in 
captivity,  ii.  137 ;  plumage  of  th# 
male  linnet  in  confinement,  *ii.  141  : 
on  the  dingo,  ii.  251. 

Yellow  fever,  in  Mexico,  ii.  2G'>. 

Yew,  lasiigate,  ii.  228. 

Yew,  Irish,  hardy  in  Xew  York,  ii. 
209. 

Yew,  weeping,  i.  385 ;  projwgaiiou  of, 
bv  seed,  i.  461. 

Yolk,  variations  of,  in  the  eggn  cf 
ducks,  i.  295. 

You  ATT,  Mr.,  history  cf  the  dog,  L  17 ; 
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Tariations  of  the  pulse  in  breeds  of 
dogs,  i.  37;  liability  to  disease  in 
dogs,  t&M/. ,  ii.  213;  inheritance  of 
goitre  in  dogs,  i.  455 ;  on  the  grey- 
hound, i.  35,  43;  on  King  Charles* 
spaniels,  i.  43 ;  on  the  setter,  ibid. ; 
on  breeds  of  horses,  i.  51 ;  variation 
in  the  number  of  ribs  in  the  horse,  i. 
52 ;  inheritance  of  diseases  in  the 
horse,  i.  454,  455;  introduction  of 
(lastem  blood  into  English  horses,  ii. 
197,  198;  on  white  Welsh  cattle,  i. 
89,  ii.  193 ;  improvement  of  British 
breeds  of  cattle,  i.  96 ;  rudiments  of 
horns  in  joung  hornless  cattle,  ii.  30, 
30G ;  on  crossed  cattle,  ii.  82,  98 ; 
on  Bakewell's  long-horned  cattle,  ii. 
90  ;  selection  of  qualities  in  cattle,  ii. 
180;  degeneration  of  cattle  by  neg- 
lect, ii.  225;  on  the  skull  in  horn- 
less cattle,  ii.  326 ;  disease  of  white 
liATts  of  cattle,  ii.  331 ;  displacement 
of  long-horned  by  short-horned  cattle, 
ii.  421;  on  Angola  sheep,  i.  98;  on 
the  fleece  of  sheep,  i.  103 ;  correla- 
tion of  horns  and  fleece  in  sheep,  i. 
99 :  adaptation  of  breeds  of  sheep  to 
climate  and  pasture,  i.  100;  horns  of 
Wallachian  sheep,  i.  99;  exotic 
sheep  in  the  Zoological  Gardens,  i. 
100,  ii.  296;  occurrence  of  horns  in 
hornless  breeds  of  sheep,  ii.  3;  on 
the  colour  of  sheep,  ibid. ;  on  inter- 
breeding sheep,  ii.  98 ;   on   Merino 


rams  in  Germany,  ii.  180;  effect  of 
unconscious  selection  on  sheep,  ii. 
198 ;  reversion  of  Leicester  sheep  on 
the  Lammermuir  Hills,  iL  209;  on 
many-horned  sheep,  ii.  318;  reduc- 
tion of  bone  in  sheep,  ii.  228 ;  per- 
sistency of  character  in  breeds  of 
animhls  in  mountainous  countries, 
ii.  39 ;  on  interbreeding,  ii.  95 ;  on 
the  power  of  selection,  ii.  178,  179 ; 
slowness  of  production  of  breeds,  ii. 
230 ;  passages  in  the  Bible  relating 
to  the  breeding  of  animals,  ii.  186. 

YOdNO,  J.,  on  the  Belgian  rabbit,  i.  1 10. 

Yule,  Capt.,  on  a  Burmese  hairy  family, 
u.  53,  320. 

21iLMBE8i,  striped  young  pigs  on  the,  i. 
80. 

Zaxoos,  character  of  the,  it.  21. 

Zarco,  J.  G.,  introduction  of  rabbits 
into  Porto  Santo  by,  i.  117. 

Zea  altissimoy  i.  340 ;  mays,  i.  338. 

Zebu,  i.  82;  domestication  of  the,  I. 
86 ;  fertile  crossing  of,  with  Euro- 
pean cattle,  i.  82,  ii.  88. 

Zedba,  hybrids  of,  with  the  ass  and 
mare,  ii.  16. 

Zephyranthes  Candida,  ii.  147. 

Zinnia,  cultivation  of,  ii.  249. 

Zollinger  on  Malayan  penguin  ducks, 
i.  295. 

Zoospore,  division  of,  in  Algae,  ii.  372. 

"ZOPF.TAUBE,"i.  161. 


43 


THE  SND. 


opinions  of  the  Press  on  the  ^^International  Scientific  Series,^ 

I. 

Tyndall's  Forms  of  Water. 

I  vol.,  l2mo.     Cloth.     Illustrated ;     Price,  $1.50. 

"  In  the  volume  now  published,  Professor  Tyndall  has  presented  a  noble  illustratioa 
of  the  acuteness  and  subtlety  of  his  intellectual  powers,  the  scope  and  insight  of  his 
sdentiSc  vision,  his  singular  command  of  the  appropriate  language  of  exposition,  and 
the  peculiar  vivacity  and  grace  with  which  he  unfolds  the  results  of  intricate  scientific 
research."— A^  Y.  THbune. 

**  The  '  Forms  of  Water/  by  Professor  Tyndall,  is  an  interesting  and  instructive 
little  volume,  admirably  printed  and  illustrated.  Prepared  eorpressly  for  this  series,  it 
is  in  some  measure  a  guarantee  of  the  excellence  of  the  volumes  that  will  follow,  and  an 
indication  that  the  publishers  will  spare  no  pains  to  include  in  the  series  the  freshest  in- 
vestigations of  the  best  scientific  tamds." ^Boston  youmal. 

**  This  series  is  admirably  commenced  by  this  little  volume  fit)m  the  pen  of  Prof. 
Tyndall.  A  perfect  master  of  his  subject,  he  presents  in  a  style  easy  and  attractive  hi« 
methods  of  investigation,  and  the  results  obtained,  and  gives  to  the  reader  a  clear  con- 
ception of  all  the  wondrous  trans£.>nnations  to  which  water  is  subjected.  "—OlwrrXMraii. 


II. 

Bagehot  s  Physics  and  Politics. 

I  vol.,  l2mo.     Price,  $1.50. 

"  If  the  '  International  Scientific  Series  ^  proceeds  as  it  has  begun,  it  will  more  thao 
fulfil  the  promise  given  to  the  reading  public  in  iu  prospectus.  The  first  volume,  by 
InrofeMor  Tyndall,  was  a  model  of  lucid  and  attractive  scientific  exposition ;  and  now 
we  have  a  second,  by  Mr.  Walter  Bagehot,  which  is  not  only  very  lucid  and  charming^ 
but  also  original  and  suggestive  in  the  highest  degree.  Nowhere  since  the  publicatiMi 
of  Sir  Henry  Maine's  '  Ancient  Law,'  have  we  seen  so  many  fruitful  thoughts  sug- 
gested in  the  course  of  a  couple  of  hundred  pages.  .  .  .  To  do  justice  to  Mr.  Bage. 
hot's  fertile  book,  would  require  a  long  article.  With  the  best  of  intentions,  we  are 
conscious  of  having  given  but  a  sony  account  of  it  in  these  brief  paiagrapha.  But  we 
hope  we  have  said  enough  to  commend  it  to  the  attention  of  the  thoughtful  leader."— 
Prof.  John  Fiskb,  in  the  Atlantic  Monthly, 

"Mr.  Bagdiot's  style  is  clear  and  vigorotis.  We  refrain  fix>m  giving  a  fuller  ao- 
ount  of  these  suggestive  essays,  only  because  we  are  sure  that  our  readers  will  find  it 
worth  their  while  to  peruse  the  book  for  themselves :  and  we  sincerely  hope  that  the 
forthcoming  partt  of  the  'International  Scientific  Series'  will  be  as  interesting. "-^ 
Atkentntm, 

"  Mr.  Bagehot  disctisses  an  immense  variety  of  topics  connected  with  the  progress 
of  societies  and  nations,  and  the  development  of  their  distinctive  peculiarities;  and  his 
book  shows  an  abundance  of  ingenious  and  original  thought  "^'Alpkkd  Rus£BU 
WALUicit,  in  Nature. 
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III. 

Foods. 

By  Dr.  EDWARD  SMITH. 
I  vol.,  i2mo;    Cloth.     Illustrated. Price,  $1.75. 

In  making  upTuB  Iktbrnational  Scientific  Series,  Dr.  luiward  Smith  «»  se- 

lected  as  the  ablest  man  in  England  to  treat  the  important  subject  of  Foods^   His  services 

were  secured  for  the  undertaking,  and  the  litde  treatise  he  has  produced  shows  that  the 

choice  of  a  writer  on  this  subject  was  most  forttmate,  as  the  book  is  unquestionably  the 

clearest  and  best-digested  compend  of  the  Science  of  Foods  that  has  appeared  in  our 

language. 

**  The  book  contains  a  series  of  diagrams,  displaying  the  eflects  of  sleep  and  neab 
on  pulsation  and  respiration,  and  of  various  kinds  oi  food  on  respiration,  which,  as  the 
results  of  Dr.  Smith  s  own  experiments,  possess  a  very  high  value.  We  have  not  fax 
to  go  in  this  work  for  occasions  of  favorable  criticism :  thev  occur  tkroushout,  but  are 
peniaps  most  apparent  in  those  parts  of  the  subject  vtith  which  "Dt.  Smith's  name  is  c*> 
pecially  linked.  ' — London  J^xaminer. 

**  The  union  of  scientific  and  popular  treatment  in  the  composition  of  this  work  will 
afford  an  attraction  to  ntany  readers  who  would  have  been  indifferent  to  purely  theoreti- 
cal details.  .  .  .  Still  his  work  abounds  in  information,  much  of  which  is  of  great  value, 
and  a  part  of  which  could  not  easily  be  obtained  from  other  sources.  Its  interest  is  de- 
cidedly enhanced  for  students  who  demand  both  clearness  and  exactne^  of  statement, 
by  the  profusion  of  well-executed  woodcuts,  diagrams,  and  tables,  which  accompany  t)i< 
volume.  .  .  .  The  suggestions  of  the  author  on  the  use  of  tea  and  cofiee,  and  of  the  va- 
rious forms  of  alcohol,  although  perhaps  not  strictly  of  a  novel  character,  are  highly  in- 
structive, and  form  an  interesting  portion  of  the  volume." — X.  }'.  Tribunr, 


IV. 

Body  and  Mind. 

THE    THEORIES   OF  THEIR   RELATION. 

By  ALEXANDER    BAIN,   LL.  D. 

I  vol.,   i2mo.      Cloth Price,  $i.5a 

Profbs<:or  B.mn  is  the  author  of  two  well-known  standard  woiks  upon  the  Science 

•f  Mind—"  The  Senses  and  the  Intellect,"  and  "  The  Emotions  and  the  WiU."     He  i-. 

one  of  the  highest  living  authorities  in  the  school  which  holds  that  there  can  be  no  sound 

or  valid  psychology  unless  the  mind  and  the  body  are  studied,  as  they  exist,  together. 

"  It  contains  a  forcible  statement  of  the  connection  bctuveen  mind  and  body,  study- 
ing their  subtile  interworkings  by  the  light  of  the  most  recent  physiological  invcsn):^- 
tions.  The  summary  in  Chapter  V.,  of^ihe  investigations  of  Dr.  Lionel  Beale  erf  the 
embodiment  o'  the  intellectual  functions  in  the  cerebral  system,  will  be  foiind  the 
freshest  and  most  interesting  part  of  his  book.  Prof.  Bain's  own  theory  of  the  crnnct- 
tion  between  the  mental  and  tne  bodily  part  in  man  is  stated  by  himself  to  be  asfoflr  »■* : 
There  is  '  one  substance,  with  two  sets  of  properties,  two  sides,  the  physical  and  the 
mental — a  double./accd  unity.'  While,  in  the  strongest  manner,  asserting  the  union 
of  mind  with  brain,  he  yet  denies  'the  association  oif  union  in  ^lace,'  but  as<>ens  the 
union  of  close  succession  in  time,'  holding  that  *tlie  same  being  Is,  bv  alternate  6is  un- 
der extended  and  under  uncxtendcd  consciousness."  ' — Christian  Ar/p'sttr. 
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V. 

The  Study  of  Sociology. 

By   HERBERT   SPENCER. 

I  vol.,  i2mo.     Cloth Price,  $1.50. 

*'  The  philosopher  whose  distinguished  name  gives  weight  and  influence  to  this  vol- 
ume, hau  given  in  its  pages  some  of  the  finest  specimens  of  reasoning  in  all  its  forms 
and  departments.  Inere  is  a  fascination  in  his  array  of  facts,  incidents,  and  opinions, 
which  draws  on  the  reader  to  ascertain  his  conclusions.  The  codness  (md  calmness  of 
his  treatment  of  acknowledged  difficulties  and  grave  objections  to  his  theories  win  for 
him  a  close  attention  and  sustained  effurt,  on  the  part  of  tne  reader,  to  comprehend,  fol- 
low, grasp,  and  appropriate  his  principles.  This  book,  independently  of  its  bearing 
UDon  sociology,  is  valuable  as  lucidly  snowing  what  those  essential  characteristics  are 
wnich  entitle  any  arrangement  and  connection  of  facts  and  deductions  to  be  called  a 
scitMct." — Epixcopaliaiu 

**  This  work  compels  admiration^  by  the  evidence  which  it  gives  of  immense  re- 
search, study,  and  observation,  and  is,  withal,  written  in  a  popular  and  y^xj  pleasing 
sr>  le.     It  is  a  fascinating  woric,  as  well  as  one  of  deep  practical  thought.'* — Best.  Poit. 

"  Herbert  Spencer  is  unquestionably^  the  foremost  living  thinker  in  the  psychological 
and  sociological  fields,  and  this  volume  is  an  important  contribution  to  the  science  of 
which  it  treats.  ...  It  will  prove  more  popular  tnan  any  of  its  author's  other  creations, 
for  it  is  more  plainly  addressed  to  the  people  and  has  a  more  practical  and  less  specu- 
lative cast.  It  will  require  thought,  but  it  is  well  worth  thinking  about." — Albany 
Ex'tning  Journal. 


VI. 

The   New  Chemistry. 

By  JOSIAII  P.  COOKE,  Jr.^ 

Elrving  Professor  of  Chemistry  and  Mineralogy  in  Harvard  University. 

I  vol.,  i2mo.     Cloth Price,  $2.00. 

"  The  book  of  Prof.  Cooke  is  a  model  of  the  modem  popular  science  woric.  It  has 
lust  the  due  proportion  of  fact,  philosophy,  and  true  romance,  to  make  it  a  fascinating 
companion,  either  for  the  voyage  or  the  study." — Daily  Graphic, 

**  This  admirable  monograph,  by  the  distingui^ed  ErvingProfessor  of  Chemii»try 
in  Harvard  University,  is  the  ftnt  American  contribution  to  *The  International  Scien- 
tific Series,'  and  a  more  attractive  piece  of  work  in  the  way  of  popular  exposition  upon 
a  difficult  subject  has  not  appeared  in  a  long  time.  It  not  only  well  sustains  the  char- 
acter of  the  volumes  with  wnich  it  is  associated,  but  its  reproduction  in  European  coun- 
tries will  be  an  honor  to  American  science." — New  York  Tributu. 

**  An  the  chemists  in  the  country  will  enjoy  its  perusal,  and  many  will  sdze  upon  it 
as  a  thin^  lonf^ed  for.  For,  to  those  advanced  students  who  have  kept  well  abroist  ol 
the  chemical  tide,  it  ofEers  a  calm  philosophy.  To  those  others,  youngest  of  the  class, 
who  have  emerged  fix>m  the  schools  since  new  methods  have  prevailed,  it  presents  a 
generalization,  drawinf^  to  its  use  all  the  data,  the  relations  of  which  the  n«fwl^-fledged 
fac^seeker  may  but  dimly  perceive  without  its  aid.  ...  To  the  old  chemists.  Prof. 
Cooke's  treatise  is  like  a  message  from  beyond  the  mountain.  They  have  heard  o/ 
changes  in  the  science ;  the  dash  of  the  battle  of  old  and  new  theories  has  stirred  them 
from  afiur.  The  tidings,  too,  had  come  that  the  old  had  given  way ;  and  little  more  than 
Oils  they  knew.  .  .  .  Profl  Cooke's  *  New  Chemistry '  must  do  wide  service  in  bringing 
to  close  sight  the  little  known  and  the  longed  for.  ...  As  a  philosophy  it  is  elemeii> 
tary,  but,  a^  a  book  of  science,  ordinary  readers  will  find  it  sufficiency  advanced. "•*' 
Utica  Morning  Herald, 
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VII. 

The  Conservation  of  Energ}\ 

By  BALFOUR  STEWART,  LL.  D.,  F.  R.  S. 

With  an  AppendU  trtating  of  the  Vital  a$id  Mental  A pplkaUonsr/ the  Doctnne. 

I  vol.,  i2ino.    Cloth.    Price,  $1.50. 

*'  The  author  has  succeeded  in  presenting  the  facts  in  a  dear  and  satisfiictory  manner, 
using  simple  language  and  copious  illustration  iu  the  presentation  of  £Kts  and  ptia- 
dples,  confining  himselC  however,  to  the  physical  aspect  of  the  stibiect.  In  the  Ap- 
pendix the  operation  of  the  principles  in  the  spheres  of  life  and  miud  is  supplied  by 
the  essays  of  Professors  Le  Conte  and  Bain."— CPA«9  Farmer. 

**  Prof.  Stewart  is  one  of  the  best  known  teachers  in  Owens  College  in  Manchester. 

"The  volume  of  Thb  International  SciENTinc  Series  now  bef<»«  us  is  an  ex> 
cellent  illustration  of  the  true  method  of  teaching,  and  will  wdl  comnare^  with  Pid£ 
TyndaU's  charming  little  book  in  the  same  series  on  '  Forms  of  Water,  with  illustra- 
tions encugh  to  make  clear,  but  not  to  conceal  his  thoughts,  in  a  style  simple  and 
brief."— 'Cnrtittan  Register^  Boston. 

**  The  writer  has  wonderful  ability  to  compress  much  information  into  a  few  word^ 
It  is  a  rich  treat  to  read  such  a  book  as  this,  when  there  is  so  muck  beauty  and  force 
combined  with  such  simplicity. — Eastern  Press. 


VIII. 

Animal  Locomotion; 

Or,  WALKING,  SWIMMING,  AND   FLYING. 

With  a  Dissertation  on  Aeronautics. 

By  J.  BELL  PETTIGREW,  M.  D.,  F.  R.  S..  F.  R.  S.  E., 

F.  R.C.  P.E. 

I  vol.,  i2mo Price,  $1.75. 

*'  This  work  is  more  than  a  contribution  to  the  stock  of  entertaininj;  know1ed|:ei 
thoiii;h,  if  it  only  pleased,  that  would  be  sufficient  excuse  for  its  publicatino.  But  Dr. 
Pcttigrew  has  given  his  time  to  these  investigations  with  the  ultimate  purpose  of  solv- 
ing the  difficult  problem  of  Aeronautics.  To  this  he  devotes  the  last  fifty  pages  of  his 
book.  Dr.  Pettigrew  is  confident  that  man  will  yet  conquer  the  domain  of  the  air."-' 
^V.   y.  Journal  of  Commerce. 

"Most persons  claim  to  know  how  to  walk,  but  few  could  explain  the  mechanic?! 
principles  involved  in  this  most  ordinary  transaction,  and  will  be  suipriwd  that  the 
movements  of  bipeds  and  quadnipcds,  the  darting  and  rushing  motion  of  fish,  and  the 
emtio  flight  of  tnc  denizens  of  the  air,  are  not  only  anoloeous,  but  can  be  reduced  to 
similar  formula.  The  work  is  profusely  illustrated,  and.  without  reference  to  the  theory 
it  is  designed  to  expound,  will  be  regarded  as  a  valuable  addition  tu  natural  hastory. 
•^Omaha  Republic. 
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IX. 

Responsibility  in  Mental  Disease. 

By  HENRY   MAUDSLEY,    M.  D., 

Fellow  of  the  Royal  College  of  Physicians ;  Professor  of  Medical  Jurisprudence 

in  University  College,  London. 

I  vol.,  i2nio.     Cloth.    .     .     Price,  $1.50. 

"  Having  lectured  in  a  medical  college  on  Mental  Disease,  this  book  has  been  a 
fe.ist  to  us.  It  handles  a  great  subject  in  a  masterly  manner,  and,  in  our  judgment,  the 
positions  taken  by  the  author  are  correct  and  well  sustained.  — Potior  and  People. 

'*  The  author  is  at  home  in  his  subject,  and  presents  his  views  in  an  almost  singu- 
larly clear  and  satisfactory  manner.  .  .  .  The  volume  is  a  valuable  contribution  to  one 
of  the  most  difficult,  and  at  the  same  time  one  of  the  most  important  sutjects  of  inves- 
tigation at  the  present  day." — N".  V.  Observer. 

"  It  is  a  work  profound  and  searching,  and  abounds  in  wisdom." — Pittsburg  Com' 
tnercial. 

*'  Handles  the  important  topic  with  masterly  power,  and  its  suggestions  are  prac- 
tical and  of  great  value." — Providence  Press. 

The  Science  of  Law. 

By  SHELDON  AMOS,  M.  A., 

Professor  of  Jurisprudence  in  University  College,  London;  author  of  "A  Systematic 

View  of  the  Science  of  Jurisprudence,"  "  An  English  Code,  its  Difficulties 

and  the  Modes  of  overcoming  them,"  etc,  etc. 

\  vol.,  i2mo.     Cloth.    ....     Price,  $1.75. 

"  The  valuable  series  of  '  International  Scientific  *  works,  prepared  by  eminent  spe- 
cialists, with  the  intention  of  popularizing  information  in  their  several  branches  of 
knowledge,  has  received  a  good  accession  in  this  compact  and  thoughtful  volume.  It 
is  a  difficult  task  to  give  the  outlines  of  a  complete  theory  of  law  in  a  portable  volume, 
which  he  who  runs  may  read,  and  probably  Professor  Amos  himself  would  be  the  last 
to  claim  that  he  has  perfectly  succeeded  in  doing  this.  But  he  has  certainly  done  much 
to  clear  the  science  of  law  from  the  technical  obscurities  which  darken  it  to  minds  which 
have  had  no  legal  training,  and  to  make  clear  to  his  '  lay '  readers  in  how  true  and  high  a 
Mnse  it  can  assert  its  right  to  be  considered  a  science,  and  not  a  mere  practice." — Thi 
Christian  Register. 

"The  works  of  Bentham  and  Austin  are  abstruse  and  philosophical,  and  Maine's 
r<^nuire  hard  study  and  a  certain  amount  of  special  training.  The  writers  also  pursue 
different  lines  of  investigation,  and  can  only  be  regarded  as  comprehensive  in  the  de- 
partments they  confined  themselves  to.  It  was  left  to  Amos  to  gather  up  the  result 
and  present  the  science  in  its  fullness.  The  unquestionable  merits  of  this,  his  last  book, 
are,  that  it  contains  a  complete  treatment  of  a  subject  which  has  hitherto  been  handled 
by  specialbts,  and  it  opens  up  that  subject  to  every  inquiring  mind.  ...  To  do  justic* 
to  '  The  Science  of  Law '  would  require  a  longer  review  than  we  have  space  for.  We 
have  read  no  more  interesting  and  instructive  nook  for  some  time.  Its  themes  concern 
every  one  who  renders  obedience  to  laws,  and  who  would  have  those  laws  the  best 
possible.  The  tide  of  legal  reform  which  set  in  fifty  years  ago  has  to  sweep  yet  highei 
if  the  flaws  in  our  jurisprudence  are  to  be  removed,  llie  process  of  change  cannot  be 
better  i^ded  than  by  a  well-informed  public  mind,  and  Prof.  Amos  has  done  great 
service  in  materially  helping  to  promote  this  vn^'"'— Buffalo  Courier. 
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XI. 

Animal  Mechanism, 

A  Treatise  on  Terrestrial  and  Aerial  Locomotion, 

By  E.  J.  MAREY, 

Professor  at  the  College  of  France,  and  Member  of  the  Academy  of  Mcdtciac 

With  XZ7  Illustrations,  drawn  and  engraved  under  the  direction  of  the  author. 

X  YoL,  xamo.    Cloth.      ....      Price,  $1.75 
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'  We  hope  that,  in  the  short  glance  which  we  have  taken  of  some  of  the  most  im- 
portant pomts  discussed  in  the  work  before  us,  we  have  succeeded  in  interesung  our 
readers  sufficiently  in  its  contents  to  make  them  curious  to  learn  more  of  its  suEgea- 
matter.    We  cordially  recommend  it  to  their  attention. 

*' The  author  of  ue  present  work,  it  is  well  known,  stands  at  the  head  of  those 
phyuologists  who  have  investigated  the  mechanism  of  animal  dynamics—indeed,  «c 
may  almost  say  that  he  has  made  the  subject  his  own.  By  the  origioality  of  his  coa- 
ceptions,  the  ingenuity  of  his  constructions,  the  skill  of  his  analysis,  and  the  pcnevcT. 
ance  of  his  investigations,  he  has  surpassed  all  others  in  the  power  of  uiveiliag  the 
complex  and  intricate  movements  of  animated  beings."— /V/vZsr  Scuucr  MotUfuj. 


XII. 

History  of  the   Conflict    between 
Rehgion  and  Science. 

By  JOHN  WILLIAM  DRAPER,  M.  D.,  LL.D., 

Author  of  "  The  Intellectual  Development  of  Europe.** 

1  vol.,  i2mo. Price,  $1.75- 

"This  little  *  History'  would  have  been  a  valuable  contribution  to  literature  at  ary 
time,  and  is,  in  fact,  an  admirable  text-book  upon  a  subject  that  is  at  present  engrosv 
ini;  the  attention  of  a  large  number  of  the  most  serious-minded  people,  and  it  is  no 
small  compliment  to  the  sagacity  of  its  distinguished  author  that  he  has  so  well  gaiiced 
the  requirements  of  the  times,  and  so  adetjuarely  met  them  by  the  preparation  of  this 
volume.  It  remains  to  be  added  that,  while  the  writer  has  fluiched  from  no  respcm^i- 
bility  in  his  statements,  and  has  written  with  entire  fidelity  to  the  demands  of  truth 
and  justice,  there  is  not  a  word  in  his  book  that  can  give  offense  to  candid  and  £iir> 
minded  readers."— A'.  Y.  Evening- Post. 

**  The  key-note  to  this  volume  is  found  in  the  antagonism  between  the  progressive 
tendencies  of  the  human  mind  and  the  pretensions  of  ecclesiastical  authority,  as  dr%el- 
oi>ed  in  the  history  of  modem  science.  No  previous  writer  has  treated  the  subject 
from  this  point  of  view,  and  the  present  monograph  will  be  found  to  possess  no  le«« 
originality  of  conception  than  vigor  of  reasoning  and  wealth  of  erudition.  .  .  .  The 
method  of  Dr.  Draper,  in  his  treatment  of  the  various  questions  that  come  tjp  for  riiv 
cussion,  is  marked  by  singular  impartiality  as  well  as  consummate  ability.  TLrouf;^- 
out  his  work  he  maintains  the  position  of  an  historian,  not  of  an  advocate.  Hi«  tone  i« 
tranquil  and  serene,  as  becomes  the  search  after  truth,  with  no  trace  of  the  impxssit-ntfl 
ardor  of  controversy.  He  endeavors  so  far  to  identify  himself  with  the  contendinf 
parties  as  to  gain  a  clear  comprehension  of  their  motives,  but.  at  the  same  time,  he 
submits  their  actions  to  the  tests  of  a  cool  and  impartial  examination." — N.  V.  THHtne. 

D.  APPLETON  &  CO.,  Pi'BUSIIF.rs,  549  &  551  Broadway,  N.  V. 
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XIII. 

THE   DOCTRINE  OF 

Descent,    and    Darwinism. 

By  OSCAR  SCHMIDT, 
Professor  in  the  University  of  Strasburg. 

With  26  Woodcuts. 
I  vol.1  i2ino.     Cloth Price,  $1.50. 

"  The  entire  subject  is  discussed  with  a  freshness,  as  well  as  an  elaboration  of  de- 
tail, that  renders  his  work  interesting  in  a  more  than  usual  degree.  The  facts  upon 
which  the  Darwinian  theory  is  based  are  presented  in  an  effective  manner,  conclusions 
are  ably  defended,  and  the  question  is  treated  in  more  compact  and  available  style 
than  in  any  other  work  on  the  same  topic  that  has  yet  appeared.  It  is  a  valuable  ad- 
dition to  the  '  International  Scientific  series.' " — Boston  Post. 

"  The  present  volume  is  the  thirteenth  of  the  '  International  Scientific  Series,'  and 
is  one  of  the  most  interesting  of  all  of  them.  The  subject-matter  is  handled  with  a 
^at  deal  of  skill  and  earnestness,  and  the  courage  of  the  author  In  avowing  his  opin- 
ions is  much  to  his  credit.  .  .  .  This  volume  certainly  merits  a  careful  perusaL"— 
Hart/ord  Evening  Post. 

I'  The  volume  which'  Prof  Schmidt  has  devoted  to  this  theme  is  a  valuable  contri- 
bution to  the  Darwinian  literature.  Philosophical  in  method,  and  eminently  candid, 
it  shows  not  only  the  ground  which  Darwin  had  in  his  researches  made,  and  conclu- 
bious  reached  before  him  to  plant  his  theory  upon,  but  shows,  also,  what  that  theory 
really  is,  a  point  upon  which  many  good  people  who  talk  very  earnestly  about  the 
mutter  are  very  imperfectly  informed.'  — Detroit  Free  Press. 


XIV. 

The  Chemistry  of  Light  and 

Photography ; 

In  its  Application  to  Art,  Science,  and  Industry. 

By  Dr.  HERMANN  VOGEL, 
Professor  in  the  Ro3raI  Industrial  Academy  of  Beilin. 

With  xoo  Illustratio.ns. 
l2mo Price,  $2.cx>. 

*•  Out  of  Photography  has  sprung  a  new  science — the  Chemistry  of  Light — and,  in 
giving  a  popular  view  to  the  one.  Dr.  Vog^el  has  presented  an  analysis  of  the  principles 
and  processes  of  the  other.  His  treatise  is  as  entertaining  as  it  u  instructive,  pleas- 
antly combining  a  historv  of  the  progress  and  practice  of  photography— ^m  the  first 
rough  experiments  of  Wcdgwooo  and  Davy  with  sensitized  paper,  in  1803,  down  tu 
the  latest  improvements  of  the  turt — with  technical  illustrations  ui  the  scientific  theories 
on  which  the  art  is  based.  It  is  the  first  attempt  in  any  manual  of  photography  to  set 
forth  adequately  the  just  claims  of  the  invention,  both  from  an  artistic  and  a  scientific 
point  of  view,  and  it  must  be  conceded  that  the  eflurt  has  been  ably  conducted."—' 
Chicago  Tribune. 

D.  APPLETON  &  CO.,  Publishers,  549  &  551  Broadway,  N.  Y. 
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XV. 


Fungi ; 


THEIR  NATURE,  INFLUENCE,  AND   USES. 

By  M.  C.  COOKE,  Af.  A,,  LL.  D. 

Edited  by  Rev.  M.  J.  BERKELEY,  M.  A.,  F.  L.  S. 

With  109  Illustrations.     Price,  $1.50. 

"  Even  if  the  name  of  the  author  of  this  work  were  not  deservedly  eminent,  that  of 
the  editor,*  who  has  long  stood  at  the  head  of  the  'British  fiingologists,  would  be  a  ni- 
fictent  voucher  for  the  accuracy  of  one  of  the  best  botanical  monographs  ever  issued 
from  the  press...  .  .  llie  structtue,  germination,  and  growth  of  aU  these  widely-dif- 
fused organisms,  their  habitats  and  mfluences  for  good  and  evil,  are  systeaBatuaDy 
described."— iVw  York  IVorld. 

"  Dr.  Cooke's  book  contains  an  admirable  risumioi  what  is  known  on  the  struct- 
ure, growth,  and  reproduction  of  fungi,  together  with  ample  bibliographical  refeieaoes 
to  original  sources  of  information."-— Z,<7iv^;ff  AtheMttum. 

'*  The  production  of  a  work  like  the  one  now  under  review  represents  a  larj^ 
amount  of  laborious,  difficult,  and  critical  work,  xuid  one  in  which  a  seriotis  slip  or  fatal 
error  would  be  one  of  the  easiest  matters  possible,  but,  as  far  as  we  are  able  to  judjre. 
the  new  hand-book  seems  in  every  way  well  suited  to  the  requirements  of  all  beginners 
in  the  difficult  and  involved  study  of  fungology." — The  Gardener's  Chronkte  {_/.cm- 
don). 

XVI. 

The  Life  and  Growth  of  Language: 

AN    OUTLINE    OF    LINGUISTIC    SCIENCE. 

By  WILLIAM  DWIGJIT  WHITNEY, 

Professor  of  Sanskrit  and  Comparative  Philology  in  Yale  College. 

I  vol.,  i2mo.     Cloth.     Price,  $1.50. 

*'  Prof.  Whitney  is  to  be  commended  for  giving  to  the  public  the  results  of  hb  ripe 
scholarship  and  unusually  profound  researches  in  simple  language.  He  draws  illiiv 
trations  and  examples  of  the  principles  which  he  wishes  to  impact,  from  common  hfe 
and  the  words  in  frequent  use. 

"  The  topics  discussed  in  this  volume  are,  for  the  most  part,  those  which  hare 
been  already  treated  by  other  writers  on  philolog)',  and  even  by  the  author  himself,  in 
his  volume  on  '  Language,  and  the  Study  of  Language,'  published  a  few  years  ago, 
and,  though  many  of  the  truths  here  set  forth  are  those  with  which  students  in  the 
suime  line  of  investigation  arc  generally  familiar,  all  will  rejoice  to  *ee  them  restated  in 
such  a  fresh  and  simple  way. 

•*  This  work,  while  valuable  to  scholars,  will  be  interesting  to  every  one."— rA/ 
Churchman. 

"  This  work  is  an  important  contribution  to  a  science  which  has  advanced  steadily 
tmdcr  conditions  that  appear  constantly  to  throw  an  increasing  light  on  difficult  qucw 
tions,  and  at  each  step  clear  the  way  (or  further  discoveries." — Chicago  Inter-Occam. 

"  Prof.  Whitney  is  undoubtedly  one  of  the  foremost  of  English-speaking  philoloisists 
and  occupies  an  enviable  position  in  the  wider  circle  of  Eur(>pean  students  of  language. 

"  (lis  style,  clear,  simple,  picturesque,  abounding  in  striking  illustrarions,  SAd  ape 
in  comparisons,  is  admirahly  fitted  to  be  the  vehicle  of  a  popular  treatise  like  the  work 
under  consideration." — Portland  Daily  Press. 

D.  APPLETON  &  CO.,  Publishers,  549  &  551  Broadway,  N.  Y. 
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XVII. 

Money  and  the  Mechanism  of  Ex- 
change. 

By  PV.  STANLEY  JEVONS,  M.  A.,  F,  R,  S., 

Professor  of  Logic  and  Political  Economy  in  the  Owens  College,  Manchester. 

I  voL,  i2mo.    Cloth.    Price,  $1.75. 

"'  He  oflFers  us  what  a  clear-sighted,  cool-headed,  scientific  student  has  to  say  on  the 
nature,  properties,  and  natural  laws  of  money,  without  regatrd  to  local  interests  or  na- 
tional bias.  His  work  is  popularly  written,  and  every  pa^e  is  replete  with  solid  instruc- 
tion of  a  kind  that  is  just  now  lamentably  needed  b^  mulutudes  of  our  people  who  are 
victimized  by  the  grossest  fidlacies." — Popular  Sctettce  Monthly. 

*'  If  Professor  Jevons's  book  is  read  as  extensively  as  it  desenres  to  be,  we  shall 
have  sounder  views  on  the  use  and  abuse  of  money,  and  more  correct  ideas  on  what  a 
circulating  medium  really  means." — Boston  Saturday  Evening  Gauttt. 

"  Professor  Jevons  writes  in  a  sprightly  but  colorless  style,  without  trace  of  either 
prejudice  or  mannerism,  and  shows  no  commitment  to  any  theory.  The  time  is  not 
very  Car  dtstmnt,  we  hope,  when  legislators  will  cease  attempting  to  lenalate  upon 
money  before  they  know  what  money  \%  and,  as  a  possible  help  toirard  such  a  change. 
Professor  Jevons  deserves  the  credit  of  having  made  a  uscftil  contribution  to  a  depart- 
ment of  study  long  too  much  neglected,  but  <»  late  year^,  we  are  gratified  to  say,  be- 
coming less  so." — Tlu  Financier t  New  York, 


XVIII. 

The  Nature  of  Light, 

>A^ITH   A  GENERAL  ACCOUNT  OF  PHYSICAL  OPTICS. 

By  Dr.  EUGENE  LOMMEL 

(University  of  Elrlangen). 

I  vol.,  i2mo.     Cloth.        .        .        .        Price,  $2.00. 

"  In  the  present  treatise,  Professor  Lommel  has  given  an  admirable  outline  of  the 
nature  uf  light  and  the  laws  of  optics. 

"  Unlike  most  other  writers  on  this  subject,  the  author  has,  we  think,  wisely  post- 
poned all  reference  to  theories  of  the  nature  of  light,  until  the  laws  of  reflection,  re- 
fraction, and  absorption,  have  been  clearly  set  before  the  reader.  Then,  in  die  fifteenth 
chapter.  Professor  Lommel  discusses  Fresnel's  famous  interference  experiment,  and 
leads  the  reader  to  see  that  the  undulatory  theory  is  the  only  conclusion  that  can  be 
satisfactorily  arrived  at  A  clear  exposition  is  now  given  of  Huv^hen's  theory,  a(h:r 
which  follow  several  chapters  on  the  diffraction  and  polarization  of^h^ht-bearins  waves. 

"  The  reader  is  thus  led  onward  much  in  the  same  way  as  the  science  itself  has  un- 
folded, and  this,  we  think,  is  the  surest  and  best  wav  of  teaching  natural  knowledge. 

**  We  have  said  enough  to  show  that  Professor  Lommel's  treatise  is  a  useful  contii- 
btition  to  the  'International  Series' — a  book  that  can  thoroughly  be  understood  and 
enjoyed  by  any  intelligent  reader  who  may  not  have  had  any  special  scientific  tram- 
inj.  '—Nature. 

"  In  a  stvle  singularly  lucid,  considering  the  abstruse  nature  of  the  subject  treated. 
Dr.  lommel  unfolds  the  learning  of  the  scientists  on  the  nature  and  phenomena  of 
Uiht." -^PAiLuielphia  Inquirer. 

"  As  a  populaur  introduction  to  physical  optics,  it  would  be  diflScult  to  find  a  more 
satisfiictory  work  than  the  one  bjr  Dr.  Lommel,  which  has  just  appeared  in  the  excel- 
lent '  International  Scientific  Series.'  " — Tke  English  Mechanic. 

D.  APPLETON  &  CO.,  Publishers,  549  &  551  Broadway,  N.  Y. 
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CONDUCTED   BY 
Professor  E.  L.  YOUMANS. 

Thb  jgjowing  importance  of  scientific  knowled^  to  all  classes  of  the 
oommunitv  odls  for  more  efficient  means  of  difiiismg  it  The  Populae 
Science  Monthly  has  been  started  to  promote  this  object,  and  supplies  a 
want  met  b^  no  other  periodical  in  the  United  States. 

It  contains  instmctive  and  attractive  artidesi  and  abstract?  of  articles, 
original,  selected,  and  illustrated,  from  the  leadinjg  scientific  men  of  differ- 
ent countries,  giving  the  latest  interpretations  ofnatnral  phenomena,  ex* 
plaining  the  applications  of  science  to  the  practical  arts,  and  to  the  opera* 
tions  ofdomestic  life. 

It  is  designed  to  give  espedal  prominence  to  those  branches  of  science 
which  help  to  a  better  understandme  of  the  nature  of  man ;  to  present  the 
claims  of  sdentilc  education ;  and  the  bearings  of  science  upon  questions 
of  society  and  government.  How  the  various  subjects  of  current  opinion 
are  affected  by  the  advance  of  scientific  inauiry  will  also  be  considered. 

In  its  literary  character,  this  periodical  aims  to  be  popular,  without  be- 
ing superficial,  and  appeals  to  the  intelligent  reading-classes  of  the  commu- 
nity. It  seeks  to  procure  authentic  statements  from  men  who  know  their 
subjects,  and  who  will  address  the  non-scientific  public  for  purposes  of  ex* 
position  and  explanation. 

It  will  have  contributions  from  Herbert  Spencer,  Professor  Huxley, 
Professor  Tyndall,  Mr.  Darwin,  and  other  writers  identified  with  specu- 
lative thought  and  scientific  investigation. 

THE  POPULAR  SCIENCE  MONTHLY  is  published  in  a  large 
octavo^  handsomely  printed  on  clear  type.  Terms,  Five  Dollars  per  annum, 
i/r  Fifty  Cents  per  copy. 
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" It  b,  beyond  comparison,  the  best  attempt  au  journalism  of  the  kind  ever  made  tQ  l2^ 
OOOntry." — //om*  yournaL 

**  The  initial  number  b  admirably  constituted.*' — Evening'  MaxL 

"  In  our  opinion,  the  right  idea  has  been  happily  hit  in  the  plan  of  thb  new  monthly.'' 
mmBMjffalo  Courier.  ^ 

"A  journal  which  promises  to  be  of  eminent  value  to  the  cause  of  popular  educatioa  Id 
thb  country."— A^.  Y.  Tribune, 
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